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ABSTRACT 
I studied the distribution and abundance of the plant species of forests in central Iowa, 
with particular emphasis on the differences in species composition between sites currently or 
recently grazed by cattle verstis those that had not been grazed for over 50 years. In order 
examine some of the potential mechanisms underlying the distribution and abundance of 
species, 1 scored each species for 29 categories of fimctional and morphological traits. I then 
used these traits to identify groups of species that potentially flmction in a similar marmer 
(irrespective of taxa), to examine the distribution of traits along the major environmental 
gradients, and to address whether species' fi^uency was correlated with any of the traits. 
Finally, in order to imderstand in more detail the difference between species that were 
common compared to those relatively less common (restricted species), I examined whether 
the two groups of species differed in reproductive output and allocation, seed viability, and 
seedling emergence. 
Understory species and canopy trees were generally distributed along the same 
environmental gradients; landform, soil phosphorous and nitrogen content, and disturbance 
and woodland size. The understory vegetation of small woodlands indicated that they were 
high quality remnants, while weedier and more common understory species were associated 
with grazed sites. The trees that are canopy dominants appeared to have a homogeneous 
distribution. Species of oak were not regenerating well. The matched pairs study identified a 
distinct group of understory species associated with ungrazed and grazed sites. Ungrazed 
woods had no exotic species and had more species of perennial herbs, herbs with extensive 
rhizomes, and species characteristic of moist forests with closed canopies, habitats lacking 
human disturbance, and with ranges restricted to the eastem United States, hi contrast, 30 
percent of species associated with grazed woods were exotic, and the species associated with 
these sites were more likely to be annuals, have little or no vegetative spread, to occur in a 
wide variety of habitats, and to have a cosmopolitan distribution. The strongest effect of 
grazing on tree species was the reduction in number of seedlings found in grazed woods. 
Most of the variation in the ordination of plots by traits was found on axis 1, which 
separated woods based on grazing history and size. The traits associated with ungrazed and 
smaller woods included preference for undisturbed, moist and low light habitats, very low 
stature, flowering in the earliest part of spring, presence of root storage and ant dispersal. 
Traits associated with a lighter canopy and grazing were largely those that define annuals and 
shrubs and included a preference for high or low moisture and light, tolerance of human 
disturbance, small seed size, relatively seed production, low frequency of occurrence and 
non-natives. 
Linkages between traits and environment were identified, but the data suggested that 
the groups identified by TWINSPAN are not acting the functional groups in this community. 
Although other groupings of species acting as functional likely occur, particularly in relation 
to strong gradients, e.g. different grazing history, there are a number of reasons to be cautious 
before concluding that a small number of key characters define functional groups. 
The species with the following traits had on average much higher frequency of 
occurrence compared to species that lacked the traits: diaspore dispersal by ants and by 
attachment to animals, and flowering in spring; species that are native and that prefer closed 
canopy (low light) and undisturbed habitats also were positively associated with frequency. 
An intensive study of the reproduction and regeneration of a subset of 17 herbaceous 
species showed that common species produced an order of magnitude more but smaller seeds 
compared to congeneric or confamilial restricted species. Common species also produced 
more viable seed and had greater emergence rates than related restricted species. Seedlings of 
all 17 species emerged in sites currently occupied by each species, suggesting a major 
limitation to establishment of new populations of all 17 species is available seed rather than 
available habitat. In sum, the evidence suggests that restricted species have a more limited 
ability to migrate and recruit compared to related common species because they produce 
fewer and bigger (and therefore less dispersible seeds), and they have lower viability and 
emergence rates. 
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CHAPTER 1. GENERAL INTRODUCTION 
Human activity has become sufficiently widespread that no ecosystems are beyond 
our footprint (Vitousek et al. 1997). Human disturbances include conversion of natural areas 
to agricultural use, timber harvesting, insect pests and pathogens, and air pollution (Peterken 
& Game 1984, Edwards & Birks 1986, Whitney 1994, Mabry & Korsgren 1998, Mabry in 
prep.). These disturbances are having an accelerated impact on natural communities because 
they increasingly differ from natural disturbances in frequency, intensity and size and may 
result in different plant communities compared to natural disturbances (Bazzaz 1983). As a 
result of much of our activity, natural populations of plants and animals are losing habitat, 
and the habitat that remains is becoming more fragmented. In addition, as global warming 
continues, to survive over time it is likely that many populations of organisms will have to 
migrate long distances to find new suitable habitats (Lubchenco et al. 1991). 
Research Goals 
As the impacts of humans have received greater recognition so has the necessity of 
integrating basic ecological research with more applied research in conservation and 
restoration. In fact, a recent book on restoration ecology has pointed out that learning to 
reassemble and repair an ecological community is one of the most powerful ways to do basic 
research, and in doing so the two traditions of theory and practice are united (Jordan, Gilpin 
& Aber 1987). My overall goal in this study was to gain insight into the basic ecology of a 
forest community and its component species and to provide information needed to begin to 
restore these woodlands, which have been degraded by cattle grazing, the most predominant 
human-caused disturbance of forests in Iowa. Each of the chapters in this dissertation is 
2 
motivated by a question of basic ecological interest, but is also designed to provide 
information that is directly applicable to forest conservation and restoration. 
The question that begins my dissertation, what environmental gradients govern the 
distribution and abundance of plants, has been well documented for forests. Important 
gradients include topography, soil moisture and aspect (Struik & Curtis 1962, Damman & 
Kershner 1977, Archambault, Barnes & Witter 1989, Whitney 1991, Host & Pregitzer 1992, 
Cowell 1993,), soil depth, drainage and fertility (Walker 1975, Pregitzer & Barnes 1982, 
Farrell & Ware 1991), and number of surficial rocks (Walker 1975). However, by including 
human disturbance in this research, in this case cattle grazing, along with the more traditional 
abiotic measures, my goal was to gain some insight into how forests that had been heavily 
affected by hiunan disturbance differed from their more natural counterparts in species 
composition. This would also allow me to distinguish species that persist through cattle 
grazing from species that need to be the focus of reintroduction efforts. 
Similarly, analysis of frmctional groups of species has a long history in ecology, with 
the life form classification of Raunkiaer (1934) among the earliest and best known for plants. 
Root (1967) used the term "guild" to describe groups of bird species that function in a similar 
way based on a suite of traits (cited in Boutin and Keddy 1993). In plant research, grouping 
species based on shared traits has been used to address such basic questions as the degree of 
coupling between reproductive and vegetative characters (Leishman & Westoby 1992, 
Mabry, Ackerly & Gerhardt 2000), correlation among traits (Mazer 1989, Herrera 1992, 
Westoby, Jurado & Leishman 1992), and response to disturbance (Grime 1979). More 
recently, there has been renewed interest in frmctional group analysis because, if the 
enormous number and variety of species can be reduced to a small number of functionally 
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significant groups, this will aid in modeling and predicting responses to global climate 
change (Woodward & Cramer 1996). My goals in classifying and analyzing the forest 
species identified in the first study by a wide range of life history and morphological traits 
were to identify what groups of species emerged based on shared traits, and to examine the 
relationship between traits and environment in order to determine if these groups of species 
were actually operating as fimctional groups or guilds. A second goal was to examine 
whether vegetative and reproductive traits were closely coupled and to determine whether 
there were particular traits associated with species that had a high frequency of occurrence 
versus those that were relatively uncommon. I focused on the latter, more specific questions 
because of their relevance to species' response to human disturbance (Peterken & Game 
1984, Dzwonko & Loster 1992, Matlack 1994, Diaz & Cabido 1997). 
A fundamental question in ecology is why most plants are absent fi-om almost 
everywhere (Harper, Silvertown & Franco 1997). A corollary to this is to ask why some 
plants are found in even fewer pl£tces, and at the heart of this issue is the question of what 
limits the distribution and abundance of plants, particularly those that are rare. Several issues 
have hindered the search for traits that consistently are associated with species' abundance. 
One is simply that there are different criteria for rarity (Gaston 1994). Another more 
substantial problem occurs when ecological traits are compared among species without 
including taxonomic information. Without this information, it is not possible to know 
whether trait differences are potentially functional or adaptive, or whether the differences are 
present only as artifacts of different phylogenetic histories (Waller 1988, Mazer 1989, Travis 
1994, Harper et al. 1997, Kunin & Shmida 1997, Silvertown & Dodd 1997). However, few 
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comparative studies have included taxonomic information and those that have been done 
generally have included representatives of a single genus or family. 
1 selected a subset of 17 herbaceous species in seven families, where common 
species could be compared with related species that were comparatively restricted in 
distribution. Plant populations regularly undergo local extinctions and colonizations. These 
dynamics become particularly critical to the long-term persistence of species, as human 
disturbance reduces the amount and quality of available habitat and as fragmentation 
increases the distances species need to migrate to colonize new sites. Although many traits 
potentially influence the colonization ability of plants, I chose to study seed size, seed 
number, reproductive allocation, seed viability, and seedling emergence. These were chosen 
because of their fiindamental influence on the structure and spatial dynamics of populations 
and because they represent a series of potential bottlenecks to colonization, they are equally 
important processes for conservation and restoration. 
Dissertation Organization 
This dissertation is organized as papers to be submitted for publication in professional 
journals. Chapters 2-4 deal with aspects of the whole plant community. Chapter 2 is an 
analysis and description of the vegetation in 103 permanently marked vegetation plots in 
relationship to a wide range of environmental variables, including slope, aspect, topographic 
position, canopy density, soil nutrients and disturbance by cattle grazing. Chapter 3 is a 
separate analysis of 50 of these plots, 25 plots that were currently or recently grazed by cattle 
were paired with 25 similar plots that were relatively free of human disturbance. This paired 
design allowed me to factor out other variation so that I could identify the effect of cattle 
grazing on species composition and abundance. Chapter 4 is an analysis of the life history 
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and morphological attributes of species in all 103 plots. All data for the first three chapters 
have been archived in the Department of Botany at Iowa State University. Chapters 5 and 6 
take an experimental approach using a subset of 17 herbaceous species, chosen so that 
common and restricted species could be paired within family or genus. This allowed 
taxonomic differences to be accounted for in comparing differences in common and 
restricted species in seed number, seed size, reproductive allocation, seed viability and 
seedling emergence. Chapter 7 is a summary of the major results of these studies. 
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CHAPTER 2. ENVIRONMENTAL GRADIENTS AND HUMAN DISTURBANCE IN 
CENTRAL IOWA WOODLANDS 
A paper to be submitted to the Journal of Vegetation Science 
Cathy Mabry 
Abstract 
Conservation and restoration of plant diversity and ecosystem fiuictioning require that we 
understand the processes that have shaped plant communities. Much is now known about the 
effects of both environmental factors and natural disturbance. However, at a time when 
human activity has become so pervasive that it is unlikely that any ecosystem lies outside the 
footprint of anthropogenic influences, we still know little about how anthropogenic 
disturbance shapes modem plant communities. My study examined the relationship between 
environmental factors, anthropogenic disturbance and the vegetation in all canopy layers of 
forests in central Iowa. The strongest gradients of landform, soil phosphorous and nitrogen 
content, disturbance, and woodland size were generally the same for the understory and 
canopy trees. The high quality understory vegetation of small woods indicated that these 
remnants do not have impoverished floras. Weedier species were associated with grazed 
sites. The dominant canopy trees were intermediate on the ordination axes, suggesting that 
their distributions are relatively homogeneous. The most striking feature of the tree data was 
the lack of regeneration for the oak species (Quercus alba, Q. rubra, Q. macrocarpd) that 
currently dominate the canopy: The effect of woodland size and nutrient levels on the 
understory vegetation, and causes underlying lack of oak regeneration are topics where 
further work is needed. 
Key words: Deciduous forest. Midwest, Ordination 
Nomenclature: Gleason and Cronquist (1991) 
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Introduction 
Conservation and restoration of plant diversity and ecosystem function require that 
we understand the processes that have shaped plant communities. For temperate forests the 
influence of physical or abiotic factors has been well documented and includes topography 
(Struik & Curtis 1962, Damman & Kershner 1977, Whitney 1991, Cowell 1993), soil depth, 
drainage and fertility (Walker 1975, Pregitzer & Barnes 1982, Farrell & Ware 1991), and 
number of surficial rocks (Walker 1975). 
In addition, the important role natural disturbance plays in structuring plant 
communities is now widely accepted (White 1979, Bazzaz 1983, Sousa 1984). For example, 
creation of canopy gaps due to wind and ice storms provides opportunities for gap dependent 
tree species to regenerate and helps maintain tree species diversity (Canham & Marks 1985, 
Denslow 1985). Disturbance can also help generate variation in understory distribution and 
abundance through creation of gaps and pit and mound microtopography (Thompson 1980, 
Rogers 1982, Beatty 1984). 
More recently, human disturbance has become so profound and widespread that it is 
unlikely that any ecosystem is outside the footprint of human activity (Vitousek et al. 1997). 
Anthropogenic disturbances include timber harvesting, conversion of natural areas to 
agricultural use, introduction of insect pests and pathogens, and air pollution (Peterken & 
Game 1984, Edwards & Birks 1986, Whitney 1994, Mabry & Korsgren 1998). 
Anthropogenic disturbances are having an accelerated impact on natural communities 
because they increasingly differ from natural disturbances in frequency, intensity, and size 
and may result in different plant communities compared to natural disturbances (Bazzaz 
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1983). In addition, these more severe disturbances may obscure the relationship between 
abiotic factors and vegetation over many decades of post-disturbance succession (Whitney 
1991, Mabry & Korsgren 1998). 
Since settlement by Europeans began in the mid-1800, woodlands in central Iowa, 
U.S.A., have become increasingly fragmented and disturbed by human activity. As a result, 
the modem landscape is a mosaic of small forested patches in a predominantly agricultural 
landscape, with some more extensive tracts of forests remaining along river bottoms and 
bluffs. Because documentation of the disturbance history of woodlands in central Iowa is 
readily available, and because the pattern and processes of disturbance are representative of 
the kinds of human impacts that are becoming more widespread in both temperate and 
tropical forests, central Iowa is an ideal setting to examine the relationship between 
environmental factors, einthropogenic disturbance and vegetation communities. My goal in 
this study was to identify the relationship between all vegetation layers of the forest 
(understory, tree regeneration and canopy trees) and the major gradients underlying the 




The study was carried out in central Iowa, USA. Until European settlement in the 
mid-1800s, the vegetation of Iowa was a mosaic of prairies, wetlands and woodlands, and it 
was a transition zone between the eastern deciduous forest and the tall grass prairie (Roosa 
1981). Although central Iowa was dominated by prairies, bottomlands and adjacent slopes of 
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rivers and streams were heavily forested. Savannah was found on more exposed areas 
subjected to desiccating winds and forest fires (Pammel 1896, Thomson and Hertel 1981). 
The forests in Iowa have declined from an estimated 1.8 to 2.7 million hectares (out of a total 
of 14.5 million hectares) at the time of settlement to a low of 0.65 million hectares in 1974. 
In 1990, the area in forest had increased to 0.81 million hectares (Jungst, Farrar & Brandrup 
1998). 
The most predominant anthropogenic disturbance has been cattle grazing (Thomson 
8c. Hertel 1981). By 1924 about 90 percent of the state's forests were grazed, and in 1982, 64 
percent were still being grazed (Whitney 1994). Studies have shown that grazing produces 
soil compaction, severe damage to understory species (particularly forest interior species), 
and eventually complete conversion of the understory to sod and loss of canopy trees (Lutz 
1930, Dambach 1944, Pettit, Froend and Ladd 1995, Mabry in prep.). Other modem human 
disturbances have included harvesting timber for wood products, including lumber for 
building, fencing, and fuel. More recently, forests continue to be Augmented by highway 
construction, urbanization, and recreational uses such as trails and reservoirs (Thomson & 
Hertel 1981). 
The modem forest community in Iowa originated after the retreat of the Wisconsin 
glaciation about 13,000 years ago. In central Iowa, about 8,000-9,000 years ago the spruce 
dominated forests began to be replaced by deciduous forest, and as the climate became 
warmer and drier over the next 4,000 years prairie spread eastward across Iowa (Pusateri, 
Roosa & Farrar 1993). In central Iowa, the modem forest community on the uplands is an 
oak-hickory association, with a canopy dominated by Carya ovata, Quercus alba, Q. 
macrocarpa, Q. velutina. An oak-maple-bass wood community, dominated by Quercus rubra. 
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Acer nigrum, and Tilia americana, occupies more mesic sites (van der Linden & Farrar 1993, 
Raich et al. 1999). 
Since European settlement the pace of change in Iowa's forests has accelerated. 
Forest invasion of prairies accelerated when fires were suppressed during settlement, but at 
the same time older forests were cleared for agriculture subjected to pasturing and timber 
harvesting (van der Linden & Farrar 1993). More recently, the area classified as forest has 
begun to increase, as the decline in the cattle industry has led to the abandonment of 
woodland pastures and allowed these areas to qualify as forested land by the criteria of the 
U.S. Forest service (Jungst et al. 1998), but this is offset by continued clearing for 
agricuitiire, timber harvesting and development pressure (Thomson & Hertel 1981). Thus, 
modem forests in Iowa reflect the accelerated anthropogenic disturbance of the last 1 SO 
years, especially pasturing, fire suppression and fragmentation. 
Site selection 
A total of 103 plots were located in 21 upland forests distributed over 12 counties in 
central Iowa (Fig. 1). Although no forests in Iowa are undisturbed by humans, I placed plots 
in forests that are among the least disturbed mature forests that remain in central Iowa, 
including state and county parks, areas in the state preserves system, and private land. The 
exception to this was 25 plots established in forests recently or currently grazed by cattle. 
Few woodlands in Iowa are entirely free of past cattle grazing; thus, reference to ungrazed 
woods throughout this paper indicates areas that have not been grazed within the past 50 
years. The minimum size of forests included was 40 ha, and the maximum was the 447-ha 
Ledges State Park, located in an extensive tract of forest in the Des Moines River valley. 
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Because of the fragmented landscape in central Iowa, nearly all sites were in forests 
too small to allow random plot placement. Instead, plots were placed to best represent 
mature forests in a range of topographic positions. The exception was bottomland forests, 
which were excluded from this study because their distinct floras are well-documented 
(Raich et al. 1999). Plots were selected to minimize within-plot heterogeneity and to 
maximize the possibility that each plot represented a single physical envirormient and 
disturbance history. Each plot measured 20 x 20 m and was permanently marked at the SW 
and NE comers using screw-style metal anchors. To aid in relocation of the plots, distance 
and compass direction of each anchor to a large healthy nearby tree were then mapped and 
the tree permanently marked with a small numbered aluminum tag. The diameter at breast 
height (dbh, 1.4 m above ground) and species of each marked tree were recorded, and a map 
of each plot was sketched with the location of foot trails, streams, fences and other useful 
markers noted. 
Plot inventory methods 
Understory species in this study refer to herbaceous species, ferns, graminoids, vines, 
and shrubs. These were identified to species and assigned one of eight cover classes: 1 = 1-2 
individuals or clusters with < 5% cover; 2= few to many individuals with < 5% cover; 3 = 
numerous individuals with < 5% cover; 4 = 5-15% cover; 5 = 16-25% cover; 6 = 26-50% 
cover; 7 = 51-75% cover; 8 = 76-100% cover. Cover class assignments were made by 
visually estimating the percent of the 20 x 20 m plot covered by the foliage of each species. 
For this study, canopy tree species were defined as both those species that form the 
upper canopy and those that persist in the subcanopy only, e.g. Ostrya virginiana. 
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Amelanchier arborea, and Carpinus caroliniana. These species were measured in three 
ways, depending on whether individuals were actually in the canopy or formed part of the 
regeneration layer. Diameter at breast height (dbh) of all trees in the plot greater than 2.5 cm 
dbh was measured. Saplings, defined as individuals with stems greater than 1.5 m tall but 
less than 2.5 cm dbh, were tallied for the whole plot. Woody plant seedlings, individuals less 
than 1.5 m tali, were counted in a subsample of the plot created by placing two 1-m x 20-m 
transects extending across the plot fnim the 5 and 15m marks along one edge of the plot. 
Nomenclature for the floristic inventory followed Gleason & Cronquist (1991). 
A range of environmental and disturbance factors (natural and anthropogenic) were 
determined for each plot. Slope, aspect and landscape position (upper, mid or lower slope) 
were measured. Aspect (in degrees azimuth) was transformed to one of three exposure 
categories (least exposure to solar radiation, 346-360, 1-105; intermediate exposure, 286-345, 
106-165; most exposure, 166-285). Topographic position, percent slope, and aspect were 
combined to create a "topographic relative moisture index" or TRMI, a composite index that 
estimates moisture availability (Parker 1982). Plots on upper slopes, steep slopes and south-
facing slopes are scored as most xeric, while mesic plots are on lower, relatively level and 
north-facing slopes. 
Number of canopy layers was estimated by taking 25 densiometer readings (a 
densiometer provides a fish-eye view of the canopy). Readings were taken by counting the 
canopy layers at a central point in the middle of the densiometer field. Readings were taken 
along each of five parallel transects placed at the 0, 5, 10,15, and 20 meter marks of each 
plot). At each reading the canopy was categorized as open, one canopy layer, or two or more 
canopy layers. Canopy coverage for each plot was then calculated as the percent of open 
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canopy, one canopy layer, and two or more canopy layers. Total saplings in each plot was 
also noted as an estimate of light levels closer to the forest floor. Three soil samples were 
taken at S, 10 and 15 meters along the center transect of each plot; samples were combined 
and analyzed for total organic matter, nitrogen, phosphorous, potassium and pH. 
Natural disturbance was estimated by counting the number of fallen boles greater than 
2.5 cm dbh and by counting the number of gaps within or intersecting the plot. The age of 
each plot was estimated by coring the largest tree within the plot and counting annual growth 
rings. No forests of savannah-like history (scattered large open grown trees among much 
younger canopy trees) were included, although some plots had occasional open grown trees. 
Cattle grazing history was determined by interviewing landowners. In addition, plots were 
categorized by ownership status (state preserve, other public areas, or privately owned) and 
by size based on whether they were in small isolated woodlands, in woodlands part of large 
contiguous tracts, or in areas intermediate between these two extremes. 
Analysis 
The relationship between environmental factors and plots was ex£unined using 
Principal Components Analysis and Detrended Correspondence Analysis (PCA and DCA, 
CANOCO, ter Braak, 1990)). PCA was used for understory species because the gradients 
were relatively homogeneous, with approximately two half changes or less (Gauch 1982). 
Because the emphasis in this study was on sites and habitat relationships, I standardized the 
understory data by plots; thus, the analysis used a correlation matrix (Noy-Meir, Walker & 
Williams 1975). Because the gradients were greater than two half-changes for tree species, 
DCA was used in place of PCA to analyze the data for canopy trees, seedlings and saplings. 
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In addition, because the initial analysis of canopy tree species was heavily influenced by 
relatively uncommon species, the option to downweight rare species was used in the final 
analysis. Date used for the ordinations were cover-abundance values for understory species, 
diameter at breast height (dbh) for canopy trees, and number of stems per plot for saplings 
and seedlings. 
The relationship between ordination axis scores (from the ordination of plots by 
species) and environmental variables was determined either by correlating axis scores and 
environmental variables (continuous environmental factors) or by one-way ANOVA, with 
axis scores as the dependent variable and environmental factors as the grouping variable 
(categorical environmental factors). A strong relationship between an ordination axis and an 
environmental variable was used as evidence that the variable was an important 
environmental gradient. 
Results 
Overall, 1 recorded 260 species of vascular plants, including 34 canopy tree species; 
33 shrubs and woody vines; 7 ferns; 31 graminoids, and 155 forbs. Two major results 
emerged from this study of plant distribution and abundance. First, the major gradients 
underlying forest vegetation in central Iowa were a mixture of environmental factors and 
anthropogenic disturbances to the forests since European settlement. Landform, slope, and 
soil phosphorous and nitrogen content were the environmental factors and disturbance and 
size of the woods were the anthropogenic factors consistently identified as gradients 
underlying the vegetation. Second, the major gradients were similar for understory and tree 
species, with the exception of saplings (Tables 1-3). Landscape position, soil pH, number of 
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canopy gaps, and number of canopy layers were not related to variation in the vegetation for 
any of the canopy layers. Woodland age and total saplings/plot were uniquely related to 
understory species (Table 1). 
Only a few of the 17 measured environmental variables were strongly associated with 
each other (Table 4). I adjusted for multiple comparisons using the Bonferroni adjustment 
(Rice 1989). Slope was positively associated with total sapling number and negatively 
associated with phosphorous, and potassium and organic matter were positively associated. 
Phosphorous was associated with landform due to the higher levels found on the lowan 
surface compared to the Des Moines Lobe and Southern Iowa Drift Plain (mean values 33.1, 
18.5, 18.8 ppm respectively). Potassium and organic matter were associated with woodland 
size because the largest woods had the lowest levels and small and intermediate sized woods 
the highest levels of both factors (117, 149, 185 ppm respectively for potassium and 5.9, 6.4 
and 8.0 respectively for percent organic matter). Finally, disturbance and ownership status of 
the woods were associated because there were no grazed plots on state preserves and all the 
plots in urban areas were in woods in public ownership. 
Understory species 
My initial analysis of understory species showed that landform, whether the plot was 
found on the Southern Iowa Drift Plain, Des Moines Lobe or lowan Surface, was strongly 
related to the first three PCA axes and was the single most important factor influencing the 
variation in vegetation among the plots (data not shown). Thus, I analyzed the understory 
data again, treating landform as a block, thereby removing variation due to landform fi'om the 
analysis. This analysis revealed clearer relationships between the other envirorunental factors. 
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disturbance, and the vegetation (Table 2). These relationships are summarized visually in 
Figures 2-3. 
Understory axis 1 represented a gradient of decreasing soil phosphorous and nitrogen 
content. Plots in smaller, more isolated woodlands were also distinguished fh>m those in 
large-continuous and intermediate-sized woods on the first axis. The second axis represented 
a gradient of decreasing potassium and organic matter, and it also separated plots based on 
grazing history and urban location. The third axis represented a gradient of increasing slope 
and number of saplings and of decreasing soil nitrogen content. It also separated the plots 
based on disturbance. Axis 4 was also primarily a gradient of few to many saplings (Table 2). 
The 40 understory species that occurred in at least 5 percent of the plots and with the 
highest loadings on each the first three PC A axes are given in Table 5. Species associated 
with higher soil phosphorous and nitrogen include species considered anecdotally to be 
indicative of high quality woods in central Iowa. These particularly included the spring 
ephemerals and early spring flowering species: Dicentra cucullaria, Claytonia virginica, 
Viola pubescens, Erythronium albidum, and Asarum canadense. Interestingly, these species 
were also associated with smaller woodlands. Conversely, many of the species that were 
associated with lower soil phosphorous and nitrogen content are among our most common 
woodland species. These include Geum canadense, Carex blanda, Phryma leptostachya and 
Desmodium glutinosum. This group also included other species that commonly occur in more 
disturbed woods, including Parietaria pensylvanica, Galium circaezens, Amphicarpa 
bracteata and Agrimonia pubescens (pers. obs.). 
However, on axis two weedier and more common species were associated with higher 
nutrient levels, in this case potassiimi and organic matter, and the species more valued as 
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higher quality woodland species were associated with lower levels of potassium and organic 
matter. Not surprisingly, the more weedy species were also associated with sites that had 
been grazed by cattle (Table 5). Many of the species associated with the positive portion of 
axis 3, representing steeper slopes, greater sapling numbers and ungrazed woods, are also 
considered indicative of our highest quality, least disturbed forests. These include Actaea 
rubra, Adiantum pedatum, Dicentra cucullaria, Hepatica acutiloba, Isopyrum biternatum, 
Sanguinaria canadensis, Solidago flexicaulis, Staphylea trifolia, Trillium nivale and Uvularia 
grandiflora (pers. obs.). 
Overstory species 
For overstory trees, axis 1 represented a gradient of decreasing phosphorous and 
nitrogen and increasing slope; it also separated plots based on landform and woodland size. 
Axis 2 was a gradient of decreasing slope and of increasing number of downed boles and 
organic matter. The second axis also distinguished plots in urban woods and smaller 
woodland patches. Axis three again separated urban woods from all others, and axis 4 
represented a gradient of decreasing TRMI (topographic relative moisture index) and 
distinguished plots on the lowan surface from the other two landforms (Table 3). 
All canopy tree species that occurred in at least 5 percent of plots are shown in Table 
6, along with their scores on the first three DCA axes. The most striking feature of Table 6 is 
the place of the canopy dominants along the ordination axes. Central Iowa upland forests are 
dominated by two broad community types, the maple-basswood and the oak-hickory (Farrar 
and van der Linden 1993). It is clear from Table 6 that the dominant trees generally fall in 
the middle of the ordinations and they are not strongly driving the observed gradients. There 
were several exceptions however. On axis 1 there was a tendency for species tolerant of 
disturbance to be associated with lower axis scores, i.e., higher phosphorous and nitrogen, 
and smaller woods, and for Q. alba and Q. rubra to be associated with lower phosphorous 
and nitrogen, and larger woods. On axis 2, both T. americana and A. nigrum had high 
loadings on the negative end of the axis, representative of steeper slopes, fewer fallen boles, 
and urban and smaller woods, whereas C. ovata had the reverse pattern. On axis 3 A. nigrum 
was strongly associated with lower phosphorous and non-urban woods (Table 6). 
The plot axis scores of saplings differed from the other vegetation layers in the 
environmental factors they were related to, and the observed relationships were much weaker 
(Table 1). Plots with intermediate exposure to solar radiation were separated from those with 
both high and low exposure. Axis 2 was a gradient of decreasing soil phosphorous content. It 
also separated plots in small isolated woods from all others, and separated woods on private 
land, state preserves and other public land. No factors were related to the third axis, and the 
fourth axis was only weakly related to soil nitrogen content (Table 3). 
There were no relationships evident between measured environmental factors and 
axis 1 scores for seedlings. Axis 2 represented a gradient of decreasing slope and potassium. 
It also separated urban woodlands from all others and large continuous woodlands from 
small and intermediate sized woods. Axis 3 represented a gradient of increasing nitrogen 
concentration. In contrast to axis 2, axis 3 separated grazed woods from all others and small 
isolated patches from large and intermediate-sized woods. Landform was strongly related to 
axis 4, which also represented a gradient increasing slope and decreasing phosphorous (Table 
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There were relatively few species of central Iowa forest dominants observed at the 
sapling stage, and thus the ordination diagrams largely reflect gradients among species that 
are relatively minor components of the forest canopy (data not shown). In fact, Quercus alba 
and Quercus rubra were the only two oak species observed in the sapling stage (one 
individual of Q. alba and 14 of rubra). The canopy dominants most often encountered at 
the sapling stage were Acer nigrum, Celtis occidentalis, Fraxinus americana, Prunus 
serotina, Tilia americana and Ulmus species (Table 7). 
For seedlings the gradients again were largely not driven by species destined to 
become canopy dominants; the exceptions were a strong association between Acer nigrum 
and steeper slopes and urban woods and an association of Carya cordiformis and Q. alba 
with lower slopes and higher soil phosphorous (data not shown). Oaks were present as 
seedlings in much higher numbers than saplings. There is clearly a bottleneck occurring 
between the seedling and sapling stage of these species (Table 7). 
Discussion 
Gradient analysis of central Iowa woodlands shows that human disturbance plays an 
integral role in the distribution and abundance of many plant species. However, despite the 
intensity of human activity in this highly altered region, environmental factors also clearly 
remain important components structuring this plant community. Landform, slope and soil 
phosphorous and nitrogen content were the envirorunental factors most consistently related to 
the vegetation across all canopy levels. Moisture was not measured directly; however, 
variation in slope is a good proxy for available moisture (Abrams 1986). Disturbance 
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(grazing and urbanization) and woodland size were the anthropogenic factors most strongly 
influencing the vegetation. 
Land form was the single most consistent and strongest factor related to the 
vegetation at all canopy levels except saplings, which were only weakly related to landform. 
Although not often included as a factor in gradient analyses, land form affects ecosystems at 
many temporal and spatial scales (Swanson et al. 1988). Landforms may influence air and 
ground temperatures, moisture and nutrient availability; the movement of organisms, 
propagules, water and particulate matter; and fi^uency and spatial pattern of disturbance 
such as fire and wind. Landforms also influence geomorphic processes such as surface 
erosion (Swanson et al. 1988). 
In Iowa, soil nutrients varied with landform, likely explaining the difference in 
vegetation between them. The relationship between landform and nutrients was analyzed 
with one-way ANOVA with landform as the grouping variable and soil nutrient levels as the 
dependent variable. Although the association with phosphorous was the only significant 
relationship after adjusting for multiple comparisons (Table 4), there was also a strong 
relationship between landform and potassium (p < 0.011), organic matter (p < 0.004) and 
nitrogen (p < 0.007). The differences arose from the higher levels of phosphorous and lower 
levels of nitrogen on the lowan surface compared to the other two landforms, and the higher 
potassium and organic matter on the southern Iowa drift plain compared to the other two 
landforms (data not shown). However, the interactive effects of landforms on the distribution 
of organisms are likely to be too complex to isolate individual effects completely (Swanson 
et al. 1988). 
Many studies have shown that input of nutrients, particularly nitrogen and 
phosphorous, may lead to a decline in diversity of native species and an increase in alien 
species. However, data demonstrating this pattern have come entirely from grassland 
communities (Hobbs & Huenneke 1992). In this study, plots relatively high in phosphorous 
and nitrogen were associated with native understory species considered indicative of high 
quality woods, particularly spring ephemerals, while relatively low values of these nutrients 
were associated with a cohort of common or weedier species. This suggests that at this point 
in time higher nutrient content is not associated with an impoverished flora in these forest 
plots. The explanation for these results may lie in part with the role of herbaceous species, 
particularly spring ephemerals, in uptake and storage of soil nutrients (Peterson & Rolfe 
1982). Further investigation of the historical levels of phosphorous and nitrogen and the rate 
of input of these nutrients from adjoining farm fields would help to clarify their role in the 
long-term dynamics of understory vegetation. 
The environmental gradients I identified for herbaceous species are generally 
consistent with other data available from midwestem forests, and include light (Gilbert & 
Curtis 1953), soil moisture (Host & Pregitzer 1992, Archambault, Barnes and Witter 1989) 
and soil fertility (inferred from pH, texture, depth, thickness Oe/Oa horizon, and calcareous 
substrate) (Archambault et al. 1989). In my study, the relationship between understory 
species and light was inferred from the relationship between understory species and total 
sapling number per plot. A likely explanation for this is the dramatic reduction in evaporation 
rates under the dense cover of saplings and an associated increase in moisture availability and 
decrease in temperatures (Kucera 1952). This explanation is supported by the distribution of 
species along the sapling gradient. Species associated with a high sapling number include 
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many species typically collected from moist rich woodlands in Iowa, e.g., Adiantum 
pedatum, Isopyrum biternatum, Solidago flexicaulis, Thalictrum dioicum, Trillium nivale, 
and Uvularia grandiflora (Eilers & Roosa 1994). Although saplings influence light levels at 
the forest floor, I found no other strong associations between measures of light availability 
and understory distribution. 
A number of other studies have addressed the impact of cattle grazing on deciduous 
forests, and although these have not been replicated and have not always included controls, 
taken together it is clear that cattle grazing has had an enormous effect on the diversity and 
abundance of understory species (Lutz 1930, Dambach 1944, Kucera 1952). In a previous 
analysis, where all other environmental factors were controlled, a group of species clearly 
sensitive to grazing emerged (Mabry in prep.) Additional data on a subset of understory 
species suggests that, after the removal of cattle, many species may be slow to colonize 
formerly grazed sites due to low reproductive output and low dispersibility of seeds. This 
suggests that intensive efforts to restore woodland diversity may be needed after cattle 
grazing ceases (Mabry in prep.). 
Studies of woodlands in New England and Europe have also demonstrated the impact 
of various human activities on the diversity, species composition and abundance of woodland 
understory species. These studies have pointed out that human activities often leave a long-
lasting legacy due in part to the inability of some species to colonize secondary woodlands, 
particularly when they are spatially isolated from older woodlands (Peterken & Game 1984, 
Matlack 1994a, Dzwonko & Loster 1990, Dzwonko 1993, Grashof-Bokdam 1997, Wulf, 
1997). In one respect, my data contrast with these results: I found no evidence that smaller, 
spatially isolated woodlands were degraded compared to larger woodlands. In fact, I found 
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just the opposite, because species associated with smaller woods in my analysis included a 
number of spring ephemerals and other valued species of central Iowa woods, including 
Dicentra cucullaria, Claytonia virginica, Viola pubescens, Erythronium albidum, and 
Asarum canadense. Helliwell (1976), in a study of woodlot isolation in Great Britain, also 
found that isolated woods contained more valuable species compared to larger woodlands 
because the larger areas had been more intensively exploited, particularly for timber 
production. In Poland, isolated woods were associated with a distinct subset of herbaceous 
species, including those dispersed by ants, compared to small woodlands that had longer and 
more intensive period of disturbance by humans, again suggesting that small woodlands can 
act of refuges if they are not too intensively disturbed (Dzwonko 1989). 
In general, there is a great deal of speculation but little consistent evidence 
documenting the effect of forest patch size on understory species composition. For example, 
edges of small forests may differ in species composition from forest interiors, potentially 
allowing a point of entry into the forest for alien and weedy species (Brothers & Spingam 
1992, Matlack 1994b and references therein). However, studies from forests in Indiana and 
New England suggest that this invasion may not occur (Brothers & Spingam 1992, Matlack 
1994b). Most of the emphasis on forest fragmentation studies has been in relation to island 
biogeographic theory, with generally unsatisfactory results (Weaver & Kellman 1981, 
Middleton & Merriam 1983, Burgess 1988). Another problem in the study of habitat 
fragmentation has been the predominance of observational studies over replicated 
experimental studies (Debinski & Holt, 2000). Clearly, further investigation into the effect of 
woodland size, isolation and management history on forest composition is needed. 
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In addition to landform, the gradients most strongly related to canopy trees were slope 
and the topographic soil moisture index (factors related to soil moisture availability), and 
nutrients. Tree species in other midwestem forests have often been related to landform and 
moisture (Curtis & Mcintosh 1951, Nigh, Pallardy & Garrett 1985, Abrams 1986, Host & 
Pregitzer 1992, Raich et al. 1999). Otherwise, there is little correspondence between the 
major gradients 1 identified and the results of studies from other midwestem forests. Other 
studies have identified aspect and shade tolerance as imfwrtant influences on canopy tree 
distribution and abundance (Curtis & Mcintosh 1951, Nigh et al. 1985, Raich et al. 1999). 
McCune and Cottom (1985) found that trees in southern Wisconsin oak woods were 
distributed at random with respect to soil type, with the exception of American elm (Ulmus 
americana). 
Acer negundo and Ulmus americana, two tree species often associated with 
disturbance in central hardwood forests, had the highest loadings on the negative portion of 
axis 1, which was associated with plots in small isolated woods. Studies on woodland 
fragmentation have shown that smaller woods are more prone to wind disturbance (Saunders, 
Hobbs Margules 1991), and this may explain the association with tree species tolerant of 
disturbance and small woodlands. However, just the opposite pattern was foimd for 
understory species (see above). 
The most striking pattern I observed was the general lack of pattern exhibited by the 
species that dominate the canopy in these central Iowa forests, most notably Quercus alba, 
Q. rubra, Q. macrocarpa, Prunus serotina, Carya ovata, Tilia americana and Acer rubrum. 
Instead, the observed gradients were generally defined by species that are relatively minor 
components of central Iowa forests. The reason for this is unclear. One possibility is that the 
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long history of grazing and logging in these forests has homogenized the vegetation and 
obscured the gradients. This conclusion is supported by a study of woody vegetation in 
central Iowa conducted only on state preserves (Raich et al. 1999). This study found that 
plots on mesic, north-facing slopes were distinguished from all other upland plots, a 
distinction that I observed less strongly among tree species (see Table 3). However, the 
earlier study was conducted only on the highest quality state parks and preserves in Iowa, 
while my study included many plots on private land and land relatively recently acquired by 
county conservation areas. Parks and preserves in Iowa have a long history of public 
ownership, with minimal human disturbance, and are therefore more likely to have preserved 
intact mesic north slope microhabitats. 
Gradient analyses of tree species outside the midwest also reveal strong patterns of 
association between soil moisture (or a related index) and tree species (Hicks 1980, 
Stephenson 1982, Muller 1982, Nowacki & Abrams 1992). However, not surprisingly, 
studies conducted in mountainous regions reveal strong patterns of association between tree 
species composition and topography, elevation and climate (Stephenson 1982, Nigh et al. 
1985, Chang & Gauch 1986, Nowacki & Abrams 1992), factors that do not have sharp 
gradients of difference in the more gently sloping midwestem landscape. 
The most significant finding from my analysis of the tree regeneration data was the 
lack of regeneration by many canopy dominant trees, particularly the oaks. Problems with 
oak regeneration have been noted for some time, and there is a large amount of information 
on this subject available in the ecology and forestry literature. In spite of this, the causes 
underlying the failure of oaks to move from the seedling to the sapling stage are still not fully 
understood. Lack of shade tolerance and the cessation of fire are the two most commonly 
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cited reasons for the lack of oak regeneration (Lorimer 1989, and references therein). 
However, the evidence concerning light and fire is inconclusive, and there is disagreement 
about whether there even is an oak regeneration problem (Whitney & Somerlot 1985). 
Clearly, oak regeneration is a complex process that may result from the interaction of several 
factors, and the factors themselves may vary regionally with landscape history and 
disturbance region regime. 
Conclusions 
This gradient analysis showed that plant species composition and abundance of 
forests in central Iowa result from a complex interplay of historical disturbance (varying 
glacial history underlying our current landforms), environmental gradients related to 
moisture and nutrient availability, and more recent anthropogenic disturbances to the forest 
resulting from cattle grazing. The effects of woodland size and phosphorous and nitrogen 
levels on the vegetation of these forests, particularly on understory species, and the reasons 
underlying low numbers of regenerating oaks are areas for further research. 
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Figure I. Study area for the inventory of central Iowa woodlands. Numbers in 
parentheses are numbers of plots in each county. l=Webster County (4); 2=:Hardin 
County (5); 3=Boone County (13); 4=Story County (7); 5=Marshall County (4); 
6=Tama County (II); 7=Dallas County (7); 8=PoIk County (8); 9=Jasper County (8); 
10=Poweshiek County (8); li=Madison County (18); I2=Warren County (10). 
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AXIS 1 Lower P 
Lower N 
Larger woods 
Fig. 2. PCA axes 1 and 2 of 103 central Iowa woodland plots based 
on cover-abundance values of understory species (non-canopy 















AXIS 1 Lower P 
Lower N 
Larger woods 
Fig.3. PCA axes 1 and 3 of 103 central Iowa woodland plots based 
on cover-abundance values of understory species (non-canopy 
trees, shrubs, ferns, graminods and herbacous species). 
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Table 1. Summary of relationships between environmental and disturbance factors and the 
PC A axis scores of herbaceous species, canopy trees, saplings and seedlings. Asterisks 
denote general significance level between the factors and at least one axis score for the 
canopy layers (***<0.009, **<0.009, *<0.05). 
Environmental factors Understorv Canoov trees Saplings Seedlings 
Slope 
TRMI 






Number down boles 





tSize of woodland * * *  ** **  
t Status ** 
tCategorical variables, analysed with one-way ANOVA 
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Table 2. Environmental factors related to PCA axes scores from ordination of under story 
species of central Iowa woodlands. Values for continuous variables are the correlation 
coefficients between PCA axes and the environmental or anthropogenic factors. Values 
for the categorical variables are the mean PCA axis scores of plots in each category; 
significance was tested by one-way ANOVA, with axis scores as the dependent variable 
and environmental or anthropogenic factors as the grouping variable. Only factors with 
p-values <0.05 are shown (in parentheses). 
Axis 1 



































tDisturbance - (<0.0001) (<0.0001) 
grazed -0.80 -0.14 
ungrazed 0.28 0.21 
urban 0.10 -1.36 
tSize of woodland (<0.0001) - (0.010) (0.010) 
large continuous 0.52 0.52 0.22 
intermediate 0.38 -0.10 -0.35 
small isolated patch -0.80 -0.23 0.28 
tStatus - (0.022) 
private land -0.41 
state preserve 0.26 
other public land 0.09 
tCategorical variables, analysed with one-way ANOVA 
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Table 3. Environmental factors related to PC A axis scores from ordination of tree species 
of central Iowa woodlands. Values for continuous variables are the correlation coefficients 
between PC A axis and the environmental or anthropogenic factors. Values for the categorical 
variables are the mean PCA axis scores of plots in each category; significance was tested by 
one-way ANOVA, with axis scores as the dependent variable and environmental or 
















0.272 (0.005) -0264 (0.007) 
-0.275 (0.005) 
Number of fallen boles 0.292 (0.003) 
Phosphorous -0.341 (cO.OOl) 0.223 (0.024) 
Organic matter 0.245(0.013) 
Nitrogen -0.321 (0.002) -0.218(0.034) 
tLandform (<0.001) 
lowan surface 1.18 
Des Moines lobe 2.18 






















tSize of woodland 
large continuous 
intermediate 










Table 3 (continued) 
Saplings 
Axis 12 3 4 
% variance 15.8 24.4 30.9 35.3 
Environmental factors 
Phosphorous - -02.11 (0.005) 
Nitrogen - - - 0.224 (0.034) 




tLandform (0.040) - - -
lowan surface 2.30 
Des Moines lobe 1.92 
southern Iowa drift plain 1.66 
Anthropogenic factors 




tSize of woodland - (0.006) 
large continuous 1.66 
intermediate 1.65 
small isolated patch 1.19 
tStatus - (0.004) 
private land 1.49 
state preserve 1.18 
other public land 1.73 
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t Land form 
lowan surface 
Des Moines lobe 






tSize of woodland 
large continuous 
intermediate 












0.287 (0.005) -0.206 (.045) 
(<0.001) 




















Table 4. Relationship between environmental and anthropogenic factors measured in 103 
woodland plots in central Iowa USA. Correlation coefficients were used to analyze two 
continuous variables. One-way ANOVA for a continuous and categorical variable, and 
contingency table analysis for two categorical variables. 
Correlation coefficients correlation coefT. D-value 
Slope—total saplings 0.377 <0.0001 
S lope—phosphorous -0.039 <0.0001 
Potassium—organic matter 0.398 <0.0001 
One-wav ANOVA F-value D-value 
Phosphorous—landfomi 8.4 0.0004 
Potassium—woodland size 8.6 0.0004 
Organic matter—woodland size 12.8 <0.0001 
Contineencv Table Chi-square D-value 
Disturbance—ownership status 50.7 <0.0001 
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Table 5. The 50 understory species with the highest loadings on the first three PCA axes of the 
species x plot ordination of central Iowa woodlands. The break between negative and positive 
scores represents a break in the continuum, where species of intermediate axis scores are not 
shown. 
Axis 1: decreasing phosphorous and nitrogen, smaller to larger woodlands 
Hydrophyllum virginianum eastern waterleaf -0.6238 
Dicentra cucullaria dutchman's breeches -0.5989 
Cardamine concatenata cut leaf toothwort -0.5788 
Claytonia virginica spring beauty -0.5284 
Viola pubescens yellow forest violet -0.5008 
Erythronium albidum white trout lily -0.4573 
Asarum canadense wild ginger -0.4354 
Carex jamesii sedge -0.4258 
Polygonum virginianum jumpseed -0.3551 
Impatiens capensis orance touch-me-not -0.3299 
Cystopteris protntsa lowland bladder fem -0.3154 
Ranunculus hispidus hispid buttercup -0.3126 
Circaea lutetiana common enchanter's nightshade -0.3074 
Osmorhiza longislylis long-styled sweet cicely -0.2997 
Eupatorium purpureum purple node joe pye weed -0.2919 
Laportia canadensis wood nettle -0.2888 
Ranunculus aborttvus small-flowered crowfoot 0.2765 
Taraxacum officinale common dandelion 0.2765 
Apocynum androsaemifolium spreading dogbane 0.3041 
Celastrus scandens bittersweet 0.3085 
Antennaria planiaginifolia plantain pussytoes 0.3091 
Carex pensylvanica sedge 0.3113 
Geum canadensis white avens 0.3135 
Panicum lanuginosum panic grass 0.3152 
Parietaria pensylvanica pellitory 0.3259 
Carex blanda sedge 0.3262 
Phryma leptostachya lopseed 0.3446 
Rubus occidentalis black raspberry 0.3489 
Helianthus strumosus rough-leaved sunflower 0.3531 
Eupatorium rugosum white snakeroot 0.3692 
Arab is canadensis sickle pod rock cress 0.3806 
Anenome virginiana tall anemome thimbleweed 0.3957 
Aster cordifolius commom blue heart-leaved aster 0.3959 
Fragaria species strawberry 0.4301 




Table 5 (Continued) 
Vitis species wild grape 0.4451 
Amphicarpaea bracteata hog peanut 0.4849 
Agrimonia pubescens downy agrimony 0.4860 
Solidago ulmifolia eim-leaved goldenrod 0.5178 
Desmodium glutinosum cluster leaf tick trefoil 0.5194 
Axis 2: decreasing potassium and organic matter, grazed to 
ungrazed/urban woods 
Symphoricarpos orbicuiatus coralbeny -0.7272 
Phlox divaricala forest phlox -0.5159 
Parietaria pensylvanica pellitory -0.4363 
Poa species bluegrass -0.4262 
Hackelia species stickseed, beggar's lice -0.4066 
Festuca subverticillala nodding fescue -0.4042 
Galium circaezans wild licorice -0.3991 
Chenopodium species goosefoot -0.3718 
Ellisia nyctelea water pod -0.3430 
Carex blanda sedge -0.3132 
Cornus drummondii rough-leaved dogwood -0.3080 
Chaerophyllum procumbens spreading chervil -0.3075 
Osmorhiza claytonii bland sweet cicely -0.3070 
Viola sororia dooryard violet -0.3067 
Carex normalis sedge -0.3038 
Rosa multiflora multiflora rose -0.3009 
Carex cephalophora sedge -0.2921 
Prunella vulgaris self heal -0.2811 
Galium aparine cleavers -0.2806 
Oxalis striata common yellow wood sorrel -0.2758 
Solidago flexicaulis zigzag goldenrod 0.2804 
Polygonatum biflorum Solomon's seal 0.2914 
Mitella diphylla two-leaved mitrewort 0.2930 
Thalictrum dasycarpum purple meadow me 0.2936 
Impatiens capensis orance touch-me-not 0.3045 
Actaea rubra red baneberry 0.3079 
Arenaria lateriflora blunt-leaved sandwort 0.3141 
Adiantum pedatum northern maidenhair 0.3317 
Viburnum rqfinesquianum downy airow wood 0.3503 
Polemonium reptans spreading Jacob's ladder 0.3648 
Prunus virginiana choke cherry 0.3787 
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Axis 3: increasing slope and saplings, decreasing nitrogen, urban to 
ungrazed woods. 
Cryptotaenia canadensis honewort -0.4921 
Polygonum virginianum jumpseed -0.4527 
Osmorhiza longislylis long-styled sweet cicely -0.4199 
Galium triflorum sweet-scented bedstraw -0.3523 
Lonicera morrowii Morrow's honeysuckle -0.3471 
Hackelia species stickseed, beggar's lice -0.3039 
Urtica dioica stinging nettle -0.2969 
Geum canadensis white avens -0.2936 
Circaea lutetiana common enchanter's nightshade -0.2922 
Podophyllum peltatum may apple, mandrake -0.2876 
Mertensia virginica eastern bluebell -0.2873 
Carex ovales sedge -0.2760 
Alliaria peliolaia garlic mustard -0.2691 
Laporlia canadensis wood nettle -0.2688 
Leersia virginica white grass -0.2629 
Polemonium reptans spreading Jacob's ladder -0.2589 












Culver's root 0.2404 
wood anemone 0.2707 
sedge 0.2790 
lowland bladder fern 0.2993 
elm-leaved goldenrod 0.3299 
common prickly ash 0.3395 
shining bedstraw 0.3522 
dutchman's breeches 0.3528 
bladder nut 0.3539 
commom blue heart-leaved aster 0.3736 
false rue anemone 0.3935 
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Table 5 (Continued) 
Phlox divaricata forest phlox 0.4037 
Lonicera prolifera grape honeysuckle 0.4108 
Actaea rubra red banebeny 0.4118 
Trillium nivale snow trillium 0.4165 
Mitella diphylla two-leaved mitrewort 0.4232 
Thalictrum dioicum early meadow rue 0.4253 
Solidago flexicaulis zigzag goldenrod 0.4372 
Uvularia grandiflora bellwort 0.4409 
Adiantum pedatum northern maidenhair 0.4414 
Osmorhiza claytonii bland sweet cicely 0.4566 
Hepatica acutiloba sharp-lobed hepatica 0.4960 
Sanguinaria canadense bloodroot 0.5972 
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Table 6. Canopy trees and their loadings on the first three DC A axes of the species x plot 
ordination of central Iowa woodlands. 
Axis 1: decreasing phosphorous and nitrogen, smaller to larger 
woods 
Acer negundo boxelder -2.2537 
Cercis canadensis redbud -1.9720 
Ulmus americana american elm -0.3148 
Quercus macrocarpa bur oak 0.3747 
Aesculus glabra Ohio buckeye 0.6328 
Carya cordiformis Binemut hickory 0.6523 
Ulmus rubra slippery elm 0.7245 
Prunus serotina black cherry 0.8300 
Juglans nigra black walnut 0.8982 
Moms alba white mulberry 1.3039 
Celtis occidentalis hackberry 1.3453 
Robinia pseudoacacia Kentucky coffee tree 1.7018 
Gleditsia triacanthos honey locust 1.7280 
Tilia americana basswood 1.7346 
Carya ovata shagbark hickory 1.7394 
Quercus velutina black oak 1.7445 
Acer nigrum black/sugar maple 1.9574 
Fraxinus americana white ash 1.9740 
Populus tremuloides trembling aspen 2.0249 
Juniperus virginianum eastern red cedar 2.1445 
Quercus alba white oak 2.2547 
Quercus rubra red oak 2.2784 
Fraxinus nigra black ash 2.8355 
Quercus muehlenbergii yellow oak 2.8764 
Ostrya virginiana ironwood 3.4693 
Carpinus caroliniana muscle wood, ironwood 3.5724 
Amelanchier arborea downy serviceberry 3.7858 
Madura pomifera osage orange 3.9681 
Axis 2: decreasing slope, increasing boles and organic matter, 
urban to non-urban woods, smaller woods to larger woods 
A esculus glabra Ohio buckeye -1.5114 
Fraxinus nigra black ash -0.4800 
Tilia americana basswood -0.3501 
Acer nigrum black/sugar maple -0.0716 
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Table 6 (continued) 
Morus alba white mulberry 0.0263 
Carya cordiformis Bittemut hickory 0.1209 
Amelanchier arborea downy serviceberry 0.7104 
Juniperus virginianum eastern red cedar 0.7762 
Celtis occidentalis hackberry 0.9452 
Quercus rubra red oak 0.9565 
Robinia pseudoacacia Kentucky coffee tree 1.0385 
Juglans nigra black walnut 1.1138 
Gleditsia triacaruhos honey locust 1.2921 
Ulmus americana american elm 1.4349 
Quercus alba white oak 1.6245 
Ostrya virginiana ironwood 1.6400 
Quercus muehlenbergii yellow oak 1.7141 
Prunus serotina black cherry 1.8567 
Fraxinus americana white ash 2.1214 
Carpinus caroliniana muscle wood, ironwood 2.2269 
Quercus macrocarpa bur oak 2.4563 
Acer negundo boxelder 2.5023 
Ulmus rubra slippery elm 2.5035 
Cercis canadensis redbud 2.6572 
Quercus velutina black oak 2.7628 
Madura pomifera osage orange 3.1427 
Carya ovata shagbark hickory 3.9545 
Populus tremuloides trembling aspen 6.1135 















black/sugar maple -0.8569 
black ash -0.7649 
hackberry 0.0091 
boxelder 0.2546 
Binemut hickory 0.2629 
muscle wood, ironwood 0.3180 
slippery elm 0.3961 
bur oak 0.3993 
black walnut 0.8463 
osage orange 0.9421 
red oak 0.9734 
black oak 1.0663 
ironwood 1.4972 
shagbark hickory 1.5577 
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Table 6 (continued) 
Quercus alba white oak 1.6334 
Juniperus virginianum eastern red cedar 1.7413 
Ulmus americana american elm 1.9444 
Fraxinus americana white ash 2.0579 
Gleditsia triacanthos honey locust 2.1538 
Amelanchier arborea downy serviceberry 2.3818 
Prunus serotina black cherry 2.6964 
Moms alba white mulberry 2.7222 
Tilia americana basswood 3.3204 
Robinia pseudoacacia Kentucky coffee tree 3.3615 
Quercus muehlenbergii yellow oak 3.5402 
Cercis canadensis redbud 3.7229 
Populus tremuloides trembling aspen 4.2260 
Aesculus glabra Ohio buckeye 4.3721 
Table 7. Frequency and mean number of stems per plot for canopy tree species regenerating in central 
Iowa woodlands. Only species occurring in at least five percent of the 103 plots sampled are shown. 
Saplings Seedlings 
Latin Name Common name Frequency Mean/plot Frequency Mean/plot 
Acer negundo box elder 3 4.0 9 8.6 
Acer nigrum black/sugar maple 28 12.7 49 81.0 
Acer saccharinum. sugar maple 0 na 2 10.0 
Aesculus glabra Ohio buckeye 16 4.2 17 11.2 
Amelanchier arborea downy serviceberry 0 na 22 21.8 
Carpinus caroliniana ironwood/blue beech 4 2.5 5 52.4 
Carya cordiformis bittemut hickory 33 3.8 76 26.8 
Carya ovala shagbark hickory 23 3.0 62 22.0 
Cellis occidenlalis hackberry 61 7.0 91 36.7 
Fraxinus americana white ash 40 6.2 64 132.2 
Fraxinus nigra black ash 0 na 16 54.3 
Giedilsia friacanlhos honey locust 0 na 5 2.8 
Jugians nigra black walnut 1 1.0 27 16.6 
Juniperus virginianum eastern red cedar 1 1.0 5 4.6 
Morus alba white mulberry 5 1.8 9 12.8 
Ostrya virginiana ironwood 67 10.0 53 47.0 
Prunus serolina black cherry 29 5.5 64 26.7 
Quercus alba white oak 1 1.0 44 29.6 
Quercus macrocarpa bur oak 0 na 9 15.2 
Quercus muehlenbergii yellow oak 0 na 10 20.4 
Quercus rubra red oak 7 2.0 74 18.0 
Quercus velulina black oak 0 na 2 5.5 
Tilia americana basswood 39 3.6 60 26.2 
Ulmus spccics elm species 62 11.2 92 146.8 
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CHAPTER 3. EFFECT OF CATTLE GRAZING ON WOODLANDS IN 
CENTRAL IOWA 
A paper to be submitted to the Journal of the Iowa Academy of Science 
CATHY MABRY 
Iowa's forests have undergone a dramatic decline in area since settlement by Europeans. 
Most of the remaining forests have been degraded by an array of human impacts, with cattle 
grazing the most prominent among them. Using a matched pairs study design to control for 
environmental and historical differences, I examined the impact of cattle grazing on the 
understory, canopy trees, and tree regeneration. There were distinct groups of understory 
species associated with ungrazed and grazed sites. Ungrazed woods had no exotic species 
and had more perennial herbs, herbs with extensive rhizomes, and species preferring moist 
forests with closed canopies, habitats lacking human disturbance, and with ranges restricted 
to the eastern United States. In contrast, 30 percent of species associated with grazed woods 
were exotic, and the species associated with these sites were more likely to be aimuals, to 
have little or no vegetative spread, to occur in a wide variety of habitats, and to have a 
cosmopolitan distribution. The strongest effect of grazing on tree species was the reduction 
in number of seedlings found in grazed woods. Among canopy trees, there was evidence that 
the dominant oak species (Quercus alba, Q. macrocarpa and Q. velutina) were negatively 
affected by grazing. Woods that have been grazed, but not to the point of canopy loss and sod 
formation, are representative of the vast majority of the remaining woods in Iowa, making 
the results of this study directly relevant to understanding the dynamics of these woods and 
to developing plans for their restoration. 
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INTRODUCTION 
Since European settlement 150 years ago, Iowa's forests have declined dramatically in area 
and quality. Estimates of Iowa's early forest cover range from 1.8 to 2.7 million hectares (out 
of a total of 14.5 million hectares); although this wide range leaves the extent of early forest 
cover ambiguous, the sharp decline in Iowa's forests, to a low of 0.65 hectares in 1974, is 
undisputed (Jungst, Farrar and Brandrup, 1998). 
Recently, forest cover has rebounded somewhat, but the increase is partially an 
artifact of how forest is classified in surveys. Between 1974 and 1992, the number of cattle 
in Iowa declined from 6,674,000 to 3,964,000, a 41 percent decrease (Jungst et al. 1998). 
Two forest cover types, woodland pasture and improved pasture with trees, are not included 
as timber in forest service surveys because they support active cattle grazing. However, with 
the decline of the cattle industry and the removal of grazing from forests, many hectares of 
woodland pasture and improved pasture with trees were included as forest or timberland in 
the most recent U.S. Forest Service survey. The result is that between 1974 and 1990 
tabulated forested land in Iowa increased from 0.65 to 0.81 million hectares (Jungst et al. 
1998). Clearly, a substantial fraction of Iowa's forests has a history of grazing. This 
suggests a critical need to understand the effect of grazing on forest plant species in Iowa, 
particularly to determine to what extent natural succession and regeneration may restore 
formerly grazed forests to the diversity and composition of relatively undisturbed forests, and 
to what extent and for what species an active restoration program is needed. 
Cattle grazing has been one of the most widespread and long-lasting factors in Iowa 
forest decline (Thomson and Hertel 1981). After barbed wire was invented, it was common 
to fence cattle into woodlands, converting woods into a source of cheap pasture; by 1924 89 
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percent of Iowa's woods were grazed, and in 1982 64 percent were still grazed (Whitney 
1994). A number of studies have addressed the impact of cattle grazing on deciduous forest, 
although they were not replicated and did not always include controls. They do indicate, 
however, that there may be severe impacts of grazing on soil structure and vegetation due to 
browsing, trampling, abrasion and soil compaction. Impacts include an overall decline in 
species diversity, loss of forest interior species, and an increase in open-site and exotic 
species (Lutz 1930, DenUyl et al. 1938, Pettit et al. 1995). Species eliminated by grazing 
may not return aiter grazing ceases, especially if sod has developed (Cross 1981, cited in 
Edwards and Birks 1986, Whitney 1994). 
The net result of grazing, past and present, is that a high proportion of Iowa lands 
now classified as forest consist of only one native layer, the canopy. Understory trees, shrubs 
and herbaceous species may be absent or highly modified and, if so, are no longer 
performing natural forest functions of soil protection, wildlife support, and replacement of 
dying canopy trees. Because regeneration is often lacking in pastured tracts, Iowa may face a 
major loss of forest cover when the current canopy trees die or are harvested. 
The current study has the specific goals of 1) identifying the relationship between 
cattle grazing and the understory vegetation of forests in central Iowa, by distinguishing a 
group of understory species that are indicators of ungrazed forests, i.e., high quality sites, and 
species indicative of grazed forests; 2) identifying general morphological and life history 
traits that distinguish the two groups of understory species; and 3) examining the relationship 




The study sites were located in seven central Iowa Counties (Fig. 1). The major 
criterion for selection of study sites was the ability to pair otherwise similar grazed and 
ungrazed sites. I selected a currently or recently grazed woodland (within the past 15 years) 
adjacent to or within 1 kilometer of a woodland that had not been grazed for more than 50 
years. Twenty-five plots were established in the grazed woodland sites; each was paired with 
a plot of similar slope, landscape position and aspect in the adjacent or nearby ungrazed 
woodland site. This resulted in four to eight plots (two to four pairs) at each site for a total of 
50 plots (25 pairs). Few woodlands in Iowa are entirely free of past cattle grazing; thus, 
reference to ungrazed woods throughout this paper indicates areas that have not been grazed 
within the past 50 years. 
Plots were also selected to minimize within-plot heterogeneity and to maximize the 
possibility that each plot represented a single physical environment and disturbance history. 
Each plot measured 20 x 20 m, and was permanently marked at the SW and NE comers using 
screw-style metal anchors. To aid in relocation of the plots, distance and compass direction 
of each anchor to the largest healthy nearby tree was then mapped and the tree permanently 
marked with a small numbered aluminum tag. We measured the diameter at breast height 
(dbh, 1.4 m above ground) and recorded the species of each marked tree. A map of each plot 
was sketched on the data sheet, and the location of foot trails, streams, fences and other 
useful markers was noted. The location of each plot was also marked on an enlarged 
photocopy of a topogr^hic sheet. 
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Plot inventory methods 
Understory species (herbs, ferns, graminoids, vines, shrubs and subcanopy tree 
species), were identified to species and assigned one of eight cover classes; 1 = 1-2 
individuals or clusters with < 5% cover, 2 = few to many individuals with < 5% cover, 3 = 
numerous individuals with < 5% cover, 4 = 5-15% cover, 5 = 16-25% cover, 6 = 26-50% 
cover, 7 = 51-75% cover, 8 = 76-100% cover. Cover class assignments were done by 
visually estimating the percent of the 20 x 20 m plot covered by the foliage of each species. 
Overstory trees, species that contribute to the formation of the upper canopy, were 
measured in three ways. Diameter at breast height of all trees in the plot greater than 2.5 cm 
dbh was measured. Saplings, defined as individuals with stems greater than 1.5 m tall but 
less than 2.5 cm dbh, were also tallied for the whole plot. Woody plant seedlings, individuals 
less than 1.5 m tall, were subsampled by placing two 1-m x 20-m transects extending from 
the 5 and 15 m marks along one edge of the plot. Nomenclature follows Gleason and 
Cronquist (1991). 
A range of environmental factors was determined for each plot. Slope, aspect and 
landscape position (upper, mid or lower slope) were measured. Aspect (in degrees azimuth) 
was transformed to one of three exposure categories (least exposure to solar radiation, 346-
360, 1-105; intermediate exposure, 286-345, 106-165; most exposure, 166-285). Topographic 
position, percent slope, and aspect were combined to create a "topographic relative moisture 
index" or TRMI, a composite index that estimates moisture availability (Parker 1982). Plots 
on upper slopes, steep slopes and south-facing slopes are scored as most xeric, while mesic 
plots are on lower, relatively level and north-facing slopes. 
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Number of canopy layers was estimated by taking 25 densiometer readings (a 
densiometer provides a fish-eye view of the canopy). Readings were taken by counting the 
canopy layers at a central point in the middle of the densiometer field. Readings were taken 
along each of five parallel transects placed at the 0, 5, 10,15, and 20 meter marks of each 
plot). At each reading the canopy was categorized as open, one canopy layer, or two or more 
canopy layers. Canopy coverage for each plot was then calculated as the percent of open 
canopy, one canopy layer, and two or more canopy layers. Total saplings in each plot was 
also noted as an estimate of light levels closer to the forest floor. Three soil samples were 
taken at 5, 10 and 15 meters along the center transect of each plot; samples were combined 
and analyzed for total organic matter, nitrogen, phosphorous, potassium and pH. 
Data analysis 
Canopy trees; saplings and seedlings, and understory species were analyzed 
separately. Differences in understory vegetation among plots recently or currently grazed 
woods versus those in relatively undisturbed woods were examined by Principal Components 
Analysis (PCA; CANOCCO, ter Braak, 1990). Two ordinations were done with understory 
species, one using cover-abundance values and one using presence-absence data only. To 
control for differences among pairs of plots, each pair of plots was treated as a block in the 
analysis (for a total of 25 blocks). Understory species were analyzsd using percent cover 
values and again by presence/absence only. Tree species were analyzed using dbh for 
individuals >2.5 cm dbh, and by number of stems per plot (abundance) for seedlings and 
saplings. 
To examine which understory plant species were most strongly associated with 
grazed vs. ungrazed woods, I compiled a list of the 30 species (approximately the top 20 
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percent) most strongly associated with each end of the gradient of grazed to ungrazed plots 
identified by PCA (Tables 1 & 2). A species was included in the list if it was among the 30 
species loading most strongly based on the ordination using either the percent cover or 
presence/absence data; most species qualified on both counts. 
To examine the differences in understory vegetation among grazed and undisturbed 
sites from a fimctional rather than species based perspective, I characterized the 30 species 
associated with each end of the gradient by 12 morphological and life history characters 
potentially influential in response to disturbance (Mabry and Korsgren 1997, Mabry et al. 
2000). These characters were scored through direct observation of live and herbarium 
specimens and through published floristic descriptions (Barkley 1986, Gleason and Cronquist 
1991. All characters were categorical; thus the relationship between characters and grazing 
was analyzed by contingency table analysis. 
Differences between grazed and ungrazed plots in mean diameter of trees, and sapling 
and seedling numbers were analyzed by ANOVA. Grazed vs. ungrazed status, species and 
block (as in the understoiy analysis, each of the 25 pairs of plots was treated as a block) were 
the grouping variables and dbh (canopy trees) or number of stems per plot (saplings and 
seedlings) were the dependent variables. 
Tree species were also grouped into five groups based on conununity types: oak-
hickory, oak-maple-basswood, and bottomland hardwoods. Because I was were interested in 
the effect of grazing on Iowa's dominant oak species, in the oak-hickory group, the dominant 
oaks (white, bur and black), were separated from everything else (chinkapin oak, shagbark 
hickory, white ash and black cherry). The difference between grazed and ungrazed plots in 
mean dbh of overstory trees was analyzed by contingency table analysis, with habitat group 
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and grazed vs. ungrazed status as the grouping variables. A full list of species included in 
each group is included in Appendix I. 
Preliminary ordination analyses revealed that currently grazed and recently grazed 
plots were floristically similar, but distinct firom ungrazed plots (data not presented). Thus in 
my analyses in this paper, recently grazed and currently grazed plots are considered together 
as "grazed" plots. 
RESULTS 
Understory species 
A total of 186 understory species was tallied in the 50 plots, including 169 native species and 
17 exotic (9 percent) to Iowa. Ordination of sites using understory species revealed a striking 
gradient from grazed to relatively undisturbed plots (Fig. 2). Examination of species 
associated with grazed and relatively undisturbed plots showed that species associated with 
the two types of plots came from almost entirely different taxonomic groups. Not 
surprisingly, grazed woods were characterized by exotic species and those otherwise 
associated with disturbed sites; conversely, relatively undisturbed woods were associated 
with species that are often ainecdotally associated with undisturbed woods in Iowa (Tables 1 
&2). 
This conclusion was supported by the analysis of the relationship between 
morphological and life history characters and grazing history. No differences could be 
detected between species associated with grazed and ungrazed plots in mode of diaspore 
dispersal, froiit type, thominess, or below ground structure (Table 3). However, they differed 
strongly in degree of vegetative spread, growth form, habitat type, range, and in number of 
native vs. exotic species. Relatively undisturbed woods had no exotic species and had more 
62 
perennial herbs, herbs with extensive rhizomes, and species characteristic of moist forests 
with closed canopies, and habitats lacking human disturbance and with ranges restricted to 
the eastern United States. Conversely, 30 percent of species associated with grazed woods 
were exotic, and the species associated with these sites were more likely to be annuals, to 
have little or no vegetative spread, to occur in a \\ide variety of habitats, and to have a 
cosmopolitan distribution (Table 3). 
Tree species 
Overall, the plots included in this study were dominated by a canopy of Quercus alba, Q. 
macrocarpa and Q.velutina. However, oaks were not dominant in the regeneration layer. 
For seedlings, oaks species were about equally as abundant as the species in the maple-
basswood community type, and approximately half as abundant as the floodplain species and 
the remainder of the oak-hickory species. By the sapling stage, the three dominant oak 
species were regenerating less abundantly than species in any other community type (Table 
4). 
There was no evidence that mean dbh/plot of overstory trees, e.g. those >2.5 cm dbh, 
differed between grazed and ungrazed plots, although there was a strong interaction between 
grazing status and species, suggesting that mean dbh/plot of some trees species differed with 
grazing status (Table 5). Species with greater mean dbh in ungrazed plots included Acer 
nigrum, Celtis occidentalis, Quercus alba, Quercus macrocarpa, and Ulmus rubra. Those 
with greater mean dbh in grazed sites included Carya ovata, Fraxinus americana, Juglans 
nigra, and Morus alba. 
There was not a strong relationship between sapling number and grazing status. 
However, ungrazed plots had more seedlings per plot (mean=49) compared to grazed 
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(mean=41). There was also a weak interaction between grazing status and species, suggesting 
that some species were more abundant in grazed vs. ungrazed areas and vice versa (Table 5). 
Two species, Carya cordiformis and Morus alba, had more seedlings in un grazed plots, and 
in ungrazed plots Carya ovata and Gleditsia triacanthos were more common. 
Conmiunity types vs. grazing status were analyzed by contingency tables. This 
analysis showed no pattern of association for saplings and seedlings (p = 0.634 and 0.664, 
respectively); however, there were strong patterns evident for overstory species (p<0.0001). 
Sites not recently grazed had more individuals in the dominant oak and bottomland 
hardwood/moist site groups, while the grazed sites had more individuals in the disturbed site 
group and the oak-hickory non-dominant oak group (Table 6). 
DISCUSSION 
Cattle grazing in natural habitats is widespread around the world, and the relationship 
between grazing and grassland ecosystems has been closely examined (McNaughton 1983, 
McNaughton et al. 1983 and references therein). In contrast, data on the effects of grazing on 
woodlands is spau^, particularly for understory species. 
Most grazing studies have focused on tree regeneration; however, understory species 
are important components of plant communities, mediating vital ecosystem functions such as 
water relations, nutrient cycling and interactions with animals such as pollinators and 
herbivores. Thus, if one goal of ecological studies is to understand how to fully restore 
ecosystem function following cessation of anthropogenic disturbance, understanding the 
dynamics of understory species is needed in addition to study of overstory trees and 
regeneration. 
In Iowa, published forest studies have fallen into roughly three categories: 1) 
assessments and descriptions of Iowa's early forest cover and canopy composition (Pammel 
1896, McBride 1926, Davidson 1961, Thomson and Hertel 1981, Thomson 1987, Jungst, 
Farrar and Brandrup 1998), 2) description of community types for a number of our most 
valued forests (Eilers 1974, Nieman and Landers 1974, Johnson-Groh 1985, 1987), and 3) 
floristic studies (Kucera 1952, Sanders 1967, 1969, Bach 1982, Raich et al. 1999). Although 
some of these studies included information on understory species, none included the fiill 
spectrum of species replicated across a range of sites. My study is a controlled comparison 
of grazing history replicated across a wide range of sites throughout central Iowa, and 
includes data for all canopy layers, i.e., understory species, canopy trees, saplings and 
seedlings. 
Kucera's study (1952) at Ledges State Park and nearby areas includes intriguing data 
on the relationship between grazing and understory species. Six sites characterized as open 
woods and pasture, with the surface either exposed or "soddy" were compared with eight 
plots placed in nearby "closed" woods. His list of species occurring only on the disturbed 
sites included four species and one genus I found associated with grazed sites {Taraxacum 
officinale, Oxalis stricta. Ambrosia artemissifolia, Actium minus, and Cirsium). His list of 
species found only on closed woods sites overlapped considerably with my list of species 
associated with ungrazed woods (including Sanguinaria canadenis. Ranunculus hispidus. 
Uvularia gradiflora, Thalictrum dioicum and Geranium maculalum). However, many other 
species that Kucera foimd limited to closed woods had a generalized distribution in my study. 
The difference likely arose because his data were based on a comparison of 14 plots at one 
site, while my study compared 50 plots spread across eight sites. 
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I found only one other study that fully examined the effects of livestock grazing on 
understory species. That study, conducted in forest remnant in Australia, found that the most 
distinct change in the understory flora due to grazing was an increase in exotic species and a 
decrease in number of perennial native shrubs and herbs. Grazed sites in that study also had 
lower overall species diversity (Pettit et al. 1995). I found no difference in species richness 
or total cover due to grazing (data not shown), but did find a similar relationship between 
grazing and exotic species. The exotics in Australia are annuals with characters often 
associated with disturbance, a persistent seed bank, short life cycle, and early flowering. I 
also found a strong relationship between grazing and native annuals/biennials, species that 
also exhibit characters associated with disturbance, e.g., habitat generalists, tolerate 
anthropogenic disturbance, cosmopolitan distribution. 
An Ohio woodland not grazed for 10 years had 124 species vs. 61 for an adjacent 
grazed woods (Dambach 1944). Sixty-seven of the 124 species occurring in the ungrazed 
woods did not occur in the grazed woods. In Wisconsin, 38 of 79 species in an undisturbed 
maple-b£isswood community, and 32 of 94 in an undisturbed red oak community did not 
occur in currently or recently grazed woods. Overall, for the maple-basswood forest the 
undisturbed sites had 79 species compared to 65 for the disturbed sites, but for the red oak 
there was little difference, with 94 vs. 92 species, respectively (Marks 1942). 
These studies identified species sensitive to grazing, including Actae rubra. Allium 
tricoccum, Anemnone quinquefolia, Arisaema triphyllum, Caullophyllum thalictroides, 
Dicentra cucullaria, Circea lutetiana, Dentaria laciniata. Geranium maculatum, Helianthus 
strumosus, Hydrophyllum viriginiana, Panax quinquefolia. Phlox divaricata. Ranunculus 
species, Solidago ulmifolia, Uvularia perfoliata and Viola pubescens, a number of the same 
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species also appeared to be sensitive to grazing in Iowa (Table 2). However, in a study from 
Pennsylvania, the effects of grazing appeared to be equivocal. Twenty-six of 58 species 
found on a grazed site were not found in an adjoining ungrazed area, but only nine species 
found in the ungrazed area were absent from the adjacent grazed area (Lutz 1930). 
Although most of these early studies also suggested that there is a suite of understory 
species sensitive to grazing, conclusions from them are tentative because differences other 
than grazing, such as soil type and degree of canopy coverage, were not controlled and the 
sites were not replicated. 
Overall, I found no effect of grazing on mean dbh of trees per plot. In contrast, Lutz 
(1940) found that grazed woods had only 41 percent of the basal area of an ungrazed woods. 
The difference probably lies in my site selection. I only included grazed woods that had an 
intact canopy, not woods where pasturing had proceeded to the point of tree mortality and 
conversion of the understory to sod. However, I did find that different species tended to be 
associated with grazed and ungrazed woods; in particular, oaks were more abundant in 
ungrazed woods. Oaks, with relatively shallow roots, may be more susceptible to the 
trampling and soil compaction resulting from grazing (Behre et al. 1929, Lutz 1930, van der 
Linden and Farrar 1993). 
There was no evidence that grazing affected the number of saplings per plot, 
however, there was strong evidence that grazing reduced the number of seedlings per plot. In 
addition, different seedling and sapling species appeared to be associated with grazed and 
ungrazed sites. Other studies have found a reduction in seedlings with grazing (Behre et al. 
1929, Lutz 1930, Den Uyl et al. 1938, Dambach 1944, Pigott 1983, Edwards and Birks 
1986). Lutz (1930) found that regenerating trees were most susceptible to damage when they 
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were 2 to 12 inches in height; if this is also true in Iowa, it may explain why there was a 
reduction in seedling number by grazing but no reduction in number of saplings. 
Grazing in woodland clearly results in the physical destruction of plants. In addition, 
grazing may aid the establishment of exotic and atmual species by creating suitable safe sites 
of exposed soil (Cross 1981). Changes in the physical environment also underlie vegetation 
change under grazing. A study in New York found that in grazed sites organic matter and 
moisture were reduced, the soil compacted, and earthworm activity was lessened in grazed 
compared to ungrazed sites (Chandler 1940). In Iowa, Kucera measured quantities of litter 
and duff, their moisture content, air and soil temperatures, and evaporation rates. He found 
that open or pastured woods had less litter and duff, and therefore less of its moisture 
retention, than closed woods. Open or pastured woods also had higher air and soil 
temperatures and higher evaporation rates, but lower soil moisture levels compared to the 
closed stands. Soils in open or pastured woods had less volume (more compaction) and 
slightly higher nitrogen levels, but no differences in organic matter and pH compared to 
closed forests. A study of grazed farmland woods in Indiana also found that soil moisture 
and light were the most important environmental factors differentiating grazed vs. ungrazed 
woods due to their influence on moisture and temperature (DenUyl et al. 1938). 
I did not measure microenvironmental differences directly in my study. However, I 
found no difference in canopy coverage between the paired grazed and ungrazed sites, 
suggesting that grazed sites were not more open than ungrazed sites. I also found no 
measurable differences between grazed and ungrazed sites in any of the environmental or soil 
factors 1 measured (data not shown). Pettit et al. (1995) also reached this conclusion in their 
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study of grazing on remnant woodland in Australia, where grazing pressure outweighed 
edaphic factors in determining the floristic composition of plots. 
My study was conservative in design, where grazed plots were in forests with an 
intact canopy and included plots in forests where grazing had been removed for up to 
approximately 15 years. If I had selected sites where grazing had begim to result in loss of 
canopy trees and formation of sod in the understory, the results would have undoubtedly 
shown a much more dramatic effect of grazing on species composition. Even given the 
conservative nature of the study design, I found strong differences between plots in currently 
and recently grazed woods compared to plots in relatively undisturbed woods. My study is a 
rigorous test of the effect of grazing on the forest understory, which cannot be done if canopy 
cover is allowed to vary. In addition, woods that have been grazed, but not to the point of 
canopy loss and sod formation, are representative of the vast majority of the remaining 
woods in Iowa. Thus, the results of my study are directly relevant to understanding the 
dynamics of these woods and in developing plans for their restoration. 
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Figure 1. Study area for the matched pairs study of grazed and ungrazed plots in 
central Iowa woodlands. Numbers in parentheses are numbers of pairs in each county. 
l=Boone County (4); 2=Story County (2); 3=Marshall County (2); 4=Tama County (4); 







Fig. 2. a) PCA ordination of 50 plots (25 grazed plots paired with 25 ungrazed 
plots) based on cover of understoiy species (non-canopy trees, shrubs, ferns, 
graminods and herbacous species); b) PCA ordination of the same data set, but 
with each of the 25 pairs treated as a block. Grazed plots are indicated by open 
circles and ungrazed as closed circles. 
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Table 1. The 30 species with the highest loadings on the grazed end of the PC A ordination 
of plots. A species was included if it was among the 30 species (top 20 percent) loading most 
strongly based on the ordination of plots using either the percent cover or presence/absence 
data. Frequency is number of grazed plots with each species. 
Latin name Common name Family Frequency 
b Ambrosia artemisiifolia common ragweed Asteraceae 3 
b Arctium minus burdock Asteraceae 3 
b Bidens frondosa devil's beggar's ticks Asteraceae 6 
b Carex amphibola sedge Cypcraccae 20 
b Carex cephalophora sedge Cyperaceae 9 
b Carex normalis sedge Cyperaceae 4 
b Campanula americana tall bellflower Campanulaceae 16 
c Chaerophyllum procumbens spreading chervil Apiaceae 10 
b Chenopodium species goosefoot Chenopodiaceae 12 
b Cirsium species thistle Asteraceae 3 
b Ellisia nyctelea water pod Hydrophyllaceae 18 
b Erigeron annuus annual fleabane Asteraceae 5 
b Festuca subverticillata nodding fescue Poaceae 43 
p/a Galium aparine cleavers Rubiaceae 46 
c Galium triflorum sweet-scented bedstraw Rubiaceae 27 
b Lobelia injlaia Indian tobacco Campanulaceae 3 
b Lonicera morrowii Morrow's honeysuckle Caprifoliaceae 5 
b Oxalis striata common yellow wood sorrel Oxalidaceae 22 
b Paronychia canadensis forked chickweed Caryophyllaceae 3 
b Panicum lanuginosum panic grass Poaceae 5 
b Parietaria pensylvanica pellitory Urticaceae 14 
b Pilea pumila clearweed Urticaceae 27 
b PI am ago rugelii American plantain Plantaginaceae 9 
b Poa pratensis bluegrass Poaceae 7 
b Prunella vulgaris self heal Lamiaceae 6 
b Ranunculus abortivus small-flowered crowfoot Ranunculaceae 45 
b Ribes species gooseberry Grossulariaceae 50 
b Rosa mulliflora multiflora rose Rosaceae 31 
b Taraxacum officinale common dandelion Asteraceae 17 
b Triosteum perfoliatum perfoliate horse gentian Caprifoliaceae 7 
c based on cover data 
p/a based presence/absense data 
b both 
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Table 2. The 30 species with the highest loadings on the ungrazed end of the PCA 
ordination of plots. A species was included if it was among the 30 species (top 20 
percent) loading most strongly based on the oridination of using either the percent 
cover or presence/absence data. Frequency is number of grazed plots with each species. 
Latin name Common name Family Frequency 
c Actaea alba doll's eyes Ranunculaceae 5 
b Arisaema triphyllum jack-in>the pulpit Araceae 30 
b Asarum canadense wild ginger Aristolochiaceae 7 
b Botrychium virginianum rattlesnake fera Ophioglossaceae 33 
b Bromtts pubescens brome grass Poaceae 10 
c Carex rosea sedge Cyperaceae 38 
b Claytonia virginica spring beauty Pomilaccaceae 29 
b Desmodium glutinosum cluster leaf tick trefoil Fabaceae 38 
c Dicentra cucullaria dutchman's breeches Fumariaceae 42 
p/a Fragaria species strawberry Rosaceae 8 
b Galium concinnum shining bedstraw Rubiaceae 40 
b Geranium maculatum wild geranium Geraniaceae 21 
b Helianthus strumosus rough-leaved sunflower Asteraceae 13 
p/a Lonicera prolifera grape honeysuckle Caprifoliaceae 9 
c Osmorhiza claytonii bland sweet cicely Apiaceae 36 
b Panicum latifolium panic grass Poaceae 3 
p/a Polygonum virginianum jumpseed Polygonaceae 8 
p/a Prunus virginiana choke cheny Rosaceae 9 
c Parthenocissus quinquefolia Virginia creeper, woodbine Vitaceae 51 
b Ranunculus hispidus hispid buttercup Ranunculaceae 10 
b Sanguinaria canadense bloodroot Papaveraceae 26 
b Sanicula gregaria cluster-sanicle Apiaceae 50 
b Silene stellata starry campion Caiyophyllaceae 11 
b Smilax ecirrata carrion flower Smilacaceae 28 
b Smilacina racemosa false Solomon's seal Liliaceae 18 
c Solidago flexicaulis zigzag goldenrod Asteraceae 13 
b Solidago ulmifolia elm-leaved goldenrod Asteraceae 28 
p/a Thalictrum dioicum purple meadow rue Ranunculaceae 7 
b Toxicodendron radicans poison ivy Anacardiaceae 41 
b Uvularia grandiflora bellwort Liliaceae 18 
p/a Viola pubescens yellow forest violet Violaceae 38 
c based on cover data 
p/a based presence/absense data 
b both 
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Table 3. Number of occurrences of species categorized by reproductive and vegetative 
traits in 25 grazed plots compared to 25 matched ungrazed plots. P-values are from 
contingency table analysis. 
Reproductive Characters Grazed Plots Ungrazed Plots p-value 
Diaspore Dispersal 
Animal Ingested 4 8 0.027 
Animal External 3 4 
Ant 0 5 
Passive 19 8 
Wind 4 4 
Fruit Type 
Dry 26 20 O.IOl 
Fleshy 4 9 
Fruit Type 
Dehiscent 4 7 0.287 
Indehiscent 26 22 
Vegetative Characters 
Growth Form 
Annual/bienniel 14 0 <0.0001 
Perennial herb 7 22 
Fern 0 1 
Graminoid 6 3 
Shrub or small tree 3 1 
Vine 0 3 
Vegetative Dispersal 
Absent or limited 21 15 0.024 
Extensive lateral spread 5 14 
Thorns Present 3 0 0.076 
Roots 
Woody 1 4 0.186 
Fibrous 24 19 
Fleshy 3 6 
Primary Habitat Type 1 
Moist rich sites 8 21 0.001 
Dry or non-preferential 22 9 
Primary Habitat Type 2 
Shade 7 20 0.001 
Open or non-preferential 23 10 
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Table 3 (continued) 
Anthropogenic Disturbance 
Tolerant 17 3 <0.0001 
Intolerant 13 27 
Non-native 8 0 0.002 
Range 
Cosmopolitan 7 0 0.014 
All of U.S., or North America 10 10 
Regional (eastern U.S., midwest) 13 20 
Table 4. Mean size of trees and abundance of seedlings and saplings per plot in five 
community types. Data are averaged over all plots and are mean dbh for canopy trees 
and numbers of stems per plot for seedlings and saplings. 
Community Canopy Saplings Seedlings 
Trees 
Dominant Oaks* 37.9 1.4 27 
Other Oak-Hickory 15.6 3.5 56 
Oak-Maple-Basswood 19.7 4.0 29 
Bottomland-Moist 8.9 9.3 52 
Introduced-Disturbed 11.4 1.8 I 
'Quercus alba, Q. macrocarpa, Q. velutina 
79 
Table 5. Analysis of variance of central Iowa tree species. MS is mean 
square from ANOVA. 
MS F-ratio Probability 


























































Table 6. Contingency table analysis of forest community types and 
grazing status based on number of individuals in each category for canopy 
trees only (X^ = 83.7, df = 4, p < 0.0001). 
Ungrazed Grazed 
Dominant Oaks 98 50 
Other Oak-Hickory 97 205 
Oak-Map le-Basswood 169 150 
Bottomland-Moist 343 278 
Introduced-Disturbed 2 27 
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Appendix I. Species composition of community types of central Iowa forest trees. 
Latin Name Common name 























Disturbed Site-Introduced Species 
Gleditsia triacanthos honey locust 
Juniperus virginianum eastern red cedar 





















CHAPTER 4. PLANT TRAITS IN RELATION TO ENVIRONMENTAL FACTORS 
AND HUMAN DISTURBANCE IN A TEMPERATE WOODLAND 
A paper to be submitted to the Journal of Vegetation Science 
Cathy Mabry 
Abstract 
I classified 253 central Iowa woodland species using 29 morphological and life history traits 
and identified groups of species that largely corresponded to growth form. Perennial herbs 
were also separated based on a combination of reproductive, vegetative and habitat 
characters. To identify trait-environment linkages and to identify potential functional groups 
of species, I ordinated a data matrix of plots x traits using Principal Components Analysis 
(PGA). The resulting PCA axes were associated with both environmental and disturbance 
factors, but most of the variance was on PCA axis 1, which presented the clearest 
interpretation of trait-environment linkages. This axis was associated with cattle grazing and 
woodland size. Groups identified by TWINSPAN did not appear to be acting as distinct 
functional groups. Several factors complicate identifying a small number of traits that are 
functional. These include lack of phylogenetic information in the analysis, difficulty in 
generalizing trait-environmental linkages when disturbance regimes and entire groups of 
species differ, plasticity of traits, and linkage between vegetative and reproductive traits. 
However, by focusing on one aspect of the community, the frequency of species across the 
landscape, I concluded that these central Iowa woodlands are important remnants for 
preserving the diversity of woodland species. 
Keywords: Classification, Functional groups. Morphological traits. Life history traits. 
Ordination, Temperate deciduous forests 
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Nomenclature: Gleason and Cronquist (1991) 
Introduction 
Human activity has become sufficiently widespread that no ecosystems are beyond 
our footprint (Vitousek et al. 1997). Natural populations of plants and animals are losing 
habitat and the habitat that remains is becoming more fragmented. In addition, as global 
warming continues, it is likely that many populations of organisms will have to migrate long 
distances to find new suitable habitats (Lubchenco et al. 1991). 
Plant responses to changes in environment and habitat availability are usually 
analyzed by using species composition and abimdance. However, they can also be analyzed 
using the distribution of traits rather than species. This latter approach has at least two 
advantages. First, the environment acts on, or filters, groups of traits rather than species 
(Di'az et al. 1999). In addition, the use of traits may allow the enormous number and variety 
of species to be simplified into functionally significant groups that will aid in comparison 
among different communities and in predicting future change (Catovsky 1998, Woodward & 
Cramer 1996). 
Classifying species into groups based on traits has a long history, with the life form 
classification of Raunkiaer (1934) among the best known. Root (1967) used the term "guild" 
to describe bird species that function in a similar way based on a suite of traits (Boutin & 
Keddy 1993). Classifying species by multiple traits has been extended to plants in order to 
describe flmctional groups of plants (Boutin & Keddy 1993, Golluscio & Sala 1993, 
Kindscher & Wells 1995), to describe the relationship between vegetative and reproductive 
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characters (Leishman & Westoby 1992), and to characterize invasive species (Richardson et 
al. 1990). 
More recently, use of traits in multivariate analyses has been extended by relating 
plant traits directly to the environment (Doledec & Chessel 1994, Legendre et al. 1997, Diaz 
et al. 1998, Diaz et al. 1999, Mabry et al. 2000). There are at least two advantages to studying 
trait-environment linkages directly. Classification identifies groups of species and traits that 
are indicators of the groups. These groups and traits are often assumed to be functional. 
Examining trait-environment linkages allows this assumption to be examined. In addition, if 
consistent trait-environment linkages can be demonstrated across different community types, 
then it may be possible to use this insight to predict shifts in community and ecosystem 
processes under changing environmental conditions (Woodward & Cramer 1996, Di'az et al. 
1999). 
In this study I classified species by a wide range of traits and analyzed these traits in 
relation to environmental factors in order to address two broad questions: 1. What groups of 
species emerge based on a shared set of traits? 2. What is the relationship between these traits 
and environment and disturbance factors, and does this relationship provide evidence that the 
groups defined by TWINSPAN are functional? In addition, I addressed two more specific 
questions: 1) Is there a coupling between reproductive and vegetative traits in the groups or 
along the environmental gradients? 2) Is there a subset of traits associated with landscape 
scale frequency of occurrence? 1 focused on the latter, more specific questions because of 
their relevance to species' responses to increasingly prevalent human disturbance and to 
predicting species response to global climate change (Peterken & Game 1984, Dzwonko & 
Loster 1992, Matlack 1994, Chapin et al. 1996, Di'az & Cabido 1997). 
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Methods 
Study area and field sampling 
A floristic study of central Iowa woodlands provided a data set of plot x species and 
plot X environmental and disturbance factors (referred to throughout the paper collectively as 
environmental factors). The glacial history of the study area is complex, with repeated 
periods of glaciation in the last 2 million years, the latest occurring in the Wisconsin-age 
glacier, which ended about 13,000 years ago. As a result, Iowa can be divided into distinct 
landforms based on glacial history. The study area includes portions of three of these 
landforms: the Des Moines lobe, southern Iowa drift plain and the lowan surface (Prior 
1991). 
The modem forest community in Iowa originated after the retreat of the Wisconsin 
glaciation about 13,000 years ago. In central Iowa, about 8,000-9,000 years ago the spruce 
dominated forests began to be replaced by deciduous forest, and as the climate became 
warmer and drier over the next 4,000 years prairie spread eastward across Iowa (Pusateri, 
Roosa & Farrar 1993). In central Iowa, the modem forest community on the uplands is an 
oak-hickory association, with a canopy dominated by Carya ovata, Quercus alba, Q. 
macrocarpa, and Q. velutina. An oak-maple-basswood community, dominated by Quercus 
rubra, Acer nigrum, and Tilia americana, occupies more mesic sites (van der Linden & 
Farrar 1993, Raich et al. 1999). 
Until settlement by Europeans began in the mid-1800s, the vegetation of Iowa was a 
mosaic of prairies, wetlands and woodlands, and it was a transition zone between the eastern 
deciduous forest and the tall grass prairie (Roosa 1981). Although central Iowa was 
dominated by prairies, the bottomlands and zidjacent slopes of rivers and streams were 
heavily forested. Savannah was found on more exposed areas subjected to dessicating winds 
and forest fires (Pammel 1896, Thomson and Hertel 1981). The forests in Iowa have 
declined from an estimated 1.8 to 2.7 million hectares (out of a total of 14.5 million hectares) 
at the time of settlement to a low of 0.65 million hectares in 1974. In 1990, the area in forest 
had increased to 0.81 million hectares (Jungst, Farrar & Brandrup 1998). The most 
predominant anthropogenic disturbance has been cattle grazing (Thomson and Hertel 1981). 
By 1924 about 90 percent of the state's forests were grazed, and in 1982,64 percent were 
still being grazed (Whitney 1994). Other modem human disturbances have included 
harvesting timber for wood products, including lumber for building, fencing, and fiiel. More 
recently, forests are being fragmented by highway construction, urbanization, and 
recreational uses such as trails and reservoirs (Thomson and Hertel 1981). 
Plots were located in 21 forests distributed over 12 counties in central Iowa, for a 
total of 103 plots. No forests in Iowa are undisturbed by humans. However, I placed plots in 
forests that are among the oldest and least disturbed mature forests that remain in central 
Iowa, as well as in forests with more recent disturbance. 1 included 25 plots in forests 
currently or recently grazed by cattle. The minimum size of forests included was 40 ha, and 
the maximum was the 447-ha Ledges State Park, located in an extensive tract of forest in the 
Des Moines River valley. Because of the fragmented landscape in central Iowa, nearly all 
sites were small in area and random plot placement was not an option. Instead, plots were 
intentionally placed to best represent mature canopy in a range of topographic positions. 
Each plot measured 20 x 20 m and was permanently mariced. 
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Understory species in this study refers to herbaceous species, ferns, graminoids, 
vines, and shrubs. These were identified to species and assigned one of eight cover classes: 
1 = 1-2 individuals or clusters with < 5% cover; 2= few to many individuals with < 5% 
cover; 3 = numerous individuals with < 5% cover; 4 = 5-15% cover; 5 = 16-25% cover; 6 = 
26-50% cover; 7 = 51-75% cover, 8 = 76-100% cover. Cover class assignments were made 
by visually estimating the percent of the 20 x 20 m plot covered by the foliage of each 
species. Diameter at breast height (dbh) was measured for overstory trees in the plot greater 
than 2.5 cm dbh. Nomenclature folloAvs Gleason and Cronquist (1991). 
A range of environmental and disturbance factors (natural and anthropogenic) was 
determined for each plot. Slope, aspect and landscape position (upper, mid or lower slope) 
were measured. Aspect (in degrees azimuth) was transformed to one of three exposure 
categories (least exposure to solar radiation, 346-360, 1-105; intermediate exposure, 286-345, 
106-165; most exposure, 166-285). Topographic position, percent slope, and aspect were 
combined to create a "topographic relative moisture index" or TRMI, a composite index that 
estimates moisture availability (Parker 1982). Plots on upper slopes, steep slopes and south-
facing slopes were scored as most xeric, while mesic plots were on lower, relatively level and 
north-facing slopes. 
Number of canopy layers was estimated by taking 25 densiometer readings (a 
densiometer provides a fish-eye view of the canopy). Readings are taken by counting the 
canopy layers at a central point in the middle of the densiometer field. Readings were taken 
along each of five parallel transects placed at the 0, 5,10, 15, and 20 meter marks of each 
plot). At each reading the canopy was categorized as open, one canopy layer, or two or more 
canopy layers. Canopy coverage for each plot was then calculated as the percent of open 
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canopy, one canopy layer and two or more canopy layers. Total saplings in each plot was 
also noted as an estimate of light levels closer to the forest floor. Three soil samples were 
taken, at 5, 10 and 15 meters along the center transect of each plot, combined and analyzed 
for total organic matter, nitrogen, phosphorous, potassium and pH. 
Natural disturbance was estimated by counting the number of downed boles greater 
than 2.5 cm dbh and by counting the number of gaps within or intersecting the plot. The age 
of each plot was estimated by coring the largest tree within the plot and counting annual 
growth rings. No forests of savannah-like history (scattered large open-grown tress among 
much younger canopy trees) were included, although some plots had occasional open grown 
trees. The cattle grazing history was determined by interviewing landowners. In addition, 
plots were categorized by ownership status (state preserve, other public areas, or privately 
owned), and by size based on whether they were in small isolated woodlands, in woodlands 
part of large contiguous tracts, or in areas intermediate between these two extremes. 
Selection of traits 
In this study I compiled data on morphological and life history traits for 2S3 species 
of vascular plants occurring in the plots, creating a species x trait matrix. By combining the 
species x trait matrix with the plot x species matrix I generated a new matrix of plots x traits. 
This new matrix was generated in the following way: if a species was present in a plot, each 
trait associated with that species was recorded as present in the plot. When this had been 
done for all species in each plot, the total frequency (equal to number of occurrences) of each 
trait per plot was tabulated. Frequencies were then transformed to percent frequency (equal 
to number of occurrences of a trait in a plot/total number of species in the that plot) to 
standardize for differences in number of species per plot. Differences in local abundance of 
species (i.e., cover-abundance values) were not taken into account in this analysis because 
abundance may discount traits that are rare and I wanted to examine all potentially functional 
traits (Whitney 1991). However, this approach may overemphasize the importance of less 
common traits relative to their abundance in the community. 
I classified each species with respect to 29 trait categories (containing 107 traits after 
expansion into binary form for analysis). The 29 trait categories included 12 related to 
reproduction, 10 related to vegetative structure, one to phenology, five to range and habitat 
preference and one to frequency of occurrence (App. 1). Due to the large number of species, 
1 was constrained to traits that could be scored from published sources and herbarium 
specimens, as field measurements were impractical (Chapin et al. 1996). Traits were chosen 
based on widely recognized aspects of plant reproductive and vegetative morphology and 
ease in scoring. A wide range of traits was selected in order to avoid a priori assumptions 
about the importance of specific traits (Montalvo et al. 1991, Kindscher & Wells 1985, 
Mabry et al. 2000), and limitations associated with functional analyses of communities based 
on a small number of traits (Mclntyre, Lavorel & Tremont 1995). 
Data Analysis 
The ordination of plots x traits was conducted with Principal Components Analysis 
(PCA) (CANOCO, ter Braak 1990). The relative abundance data in the matrix were log-
transformed to normalize the distribution. The ordination allowed me to examine the 
relationship between traits and environmental factors in the following way. The loadings 
(scores) of traits on the PCA axes identified the traits most strongly associated with each axis 
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(i.e., the traits that most itifluenced the variation among plots). I considered any 
morphological or life history trait as potentially functional (i.e., promoting the ability to 
disperse, become established, or persist in a particular environment) if it loaded strongly on 
one of the PCA axes, which was in turn associated with an underlying environmental 
gradient. Environmental factors related to each axis of the plot x trait PCA were identified 
by correlating PCA axis scores of plots from the plot x trait PCA and the environmental 
factors associated with the plots (for continuous environmental factors) or by one-way 
ANOVA with plot scores as the dependent variable and environmental factors as the 
grouping variable (for categorical environmental factors). 
The matrix of traits x species (T x S) was subjected to Two Way Indicator Species 
Analysis (TWINSPAN, Hill 1979) and Principal Components analysis (PCA) to identify 
groups of species based on similarity of traits. To determine whether the TWINSPAN 
groups are acting as fimctional groups based on the traits identified as indicators, I asked; 1) 
were the traits that loaded strongly on the axes the same traits that defined the TWINSPAN 
groups, and 2) were the traits loading most strongly representative of a few or many 
TWINSPAN groups? 
I also examined relationships between traits and fiequency of occurrence. Frequency, 
defined as the nimiber of plots in which each species occurred (N), measures landscape-scale 
abundance. To assess whether any traits were positively associated with frequency, 1 used 
one-way ANOVA with frequency as the dependent variable and individual traits as the 
grouping variable. The Bonferroni adjustment was applied in determining whether there were 
positive associations (Rice 1989). 
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Results 
Twinspan classification of species by traits 
Six major groups of species were distinguished by the TWINSPAN analysis: 
graminoids, annuals, two groups of perennial herbaceous species, shrubs, and canopy trees 
(Fig. 1, Table 1). One group of herbaceous species was separated based on fall flowering, 
dry seeds and low vegetative spread (group 3); the other was distinguished by preference for 
moist and closed-canopy or low-light habitats (group 4). Both groups of perermial herbs 
were very large and could be clearly, although subjectively, divided into two subgroups each, 
for a total of four groups of perennial herbaceous species. Group 3 could be split into herbs 
v^th little endosperm (3a) and herbs with abundant endosperm and dehiscent fhiits (3b). The 
second group could be split into species of very low stature and dehiscent fhiits (4a) and 
species with indehiscent fhiit, few seeds per fhiit, and moderate stature (4b) (Table 1). PC A 
analysis of the species x trait data revealed the same basic groups, although the groups of 
herbaceous species (groups 2, 3 and 4) were not as clearly differentiated as graminoids, 
shrubs, and trees (groups 1, 5 and 6) (Figs. 1 & 2). 
Ordination of plots by traits 
The first four axes of the plot x trait PCA explained 18.1, 11.5, 8.3 and 7.9 percent of 
the variation in the distribution of trait frequencies respectively (Table 2). Fifty-nine of 80 
traits (74 percent) that loaded most strongly on one of the PCA axes were also indicator traits 
for the groups defined by TWINSPAN (Tables I & 3). Most of the axes were not dominated 
by traits that were indicators of a single TWINSPAN group; rather, the traits with the highest 
loadings on each axis represented a mixttire of groups (Table 3). The exception to this was 
the negative portion of axis 1, which was dominated by traits that defined the annual/biennial 
and shrub groups, and the negative portion of axis 3, which was dominated by the shrub 
group and one group of perennial herbs (Table 3). 
Axis 1 separated plots in small and ungrazed woods from those in large woods and in 
grazed or urban areas. It also was a gradient of decreasing canopy cover (Table 2). Traits 
associated with denser canopy and with ungrazed and smaller woods included preference for 
undisturbed, moist and low-light habitats; very low stature; flowering in the earliest part of 
spring; presence of root storage; and ant dispersal. Traits associated with a thinner canopy 
and with grazing were largely those that defined annuals. These included tolerance of high 
or low moisture and light and of human disturbance, small seed size, relatively high seed 
production, low frequency of occurrence, and a range non-native to Iowa (Table 3). 
The second PCA axis was primarily a gradient of increasing nutrients and decreasing 
slope. It also separated plots in large woods from those in small and intermediate-sized 
woods (Table 2). Traits associated with lower nutrients, steeper slopes and larger woods 
included ferns and perennial herbs, wind diaspore dispersal, basal leaves, high vegetative 
spread, and presence of a fleshy underground storage organ or a stout or woody 
rhizome/caudex. Traits associated with higher nutrients, gentler slopes and smaller woods 
included wind pollination, monoecious flowers, high frequency of occurrence, canopy tree 
and annual/biermial growth forms, and few seeds per fhiit (Table 3). 
Axis 3 was a gradient of decreasing sapling number, a factor that likely has a strong 
influence on the light and moisture environment found on the forest floor (Table 2). Traits 
associated with higher number of saplings were largely those associated with shrubs and one 
group of herbaceous species (4b), and included fleshy fhiits and dispersal by animal 
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ingestion. Traits associated with fewer saplings included perennial herbs, annuals/biennials, 
shoot morphology of one major branch (vs. profusely branching), fall flowering, dry seeds, 
and few seeds/fruit (Table 3). 
Axis 4 separated plots exposed to the least solar radiation and those found near 
drainages (low slope) from those with higher exposure to solar radiation and found on mid to 
upper slopes and ridgetops (Table 2). Traits associated with less light and lower slopes 
included those associated with graminoids, as well as low stature, basal leaves, fibrous roots, 
and plentiful endosperm. Traits associated with higher light and upper slopes/ridgetops 
included many associated with canopy trees, as well as fleshy fhiits, dispersal by animal 
ingestion, and the largest seeds (Table 3). 
Landscape frequency of traits 
There was a strong association between mean frequency of occurrence and mode of 
diasp>ore dispersal, flowering phenology, native vs. non-native status, light preference and 
tolerance of human disturbance (Table 4). Species with diaspore dispersal by ants or by 
attachment to animals, and species that are native, flower in spring and prefer closed canopy 
(low light) and undisturbed habitats had a higher frequency of occurrence (i.e., occurred in 
more plots than species that lacked these traits (Fig. 3-5). 
Discussion 
Classification of species 
My analysis identified eight major groups of species, one for graminoids, 
annual/biennials, shrubs and canopy trees, and four groups of perennial herbaceous species. 
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The perennial herbaceous species were distinguished from one another by a mixture of 
vegetative and reproductive traits and by habitat preference. Similar groups of species have 
resulted from classifications of other woodlands. Australian semi-arid woodland species were 
classiHed into canopy trees, shrubs, graminoids, annual forbs and one group of perennial 
forbs (Leishman & Westoby 1992). New England temperate woodlands were separated into 
canopy trees, shrubs, graminoids, and four groups of perennial herbs; the only difference in 
that study and mine was the separation of fems in New England but not in Iowa, and the 
separation of annuals in Iowa but not in New England (Mabry et al. 2000). 
Distribution of traits in relation to environmental factors 
The clearest pattern that emerged from the PCA analysis of plots x traits was the 
relationship between traits and disturbance by cattle grazing. Overall, about 46 percent of the 
overall variation was accounted for by the first four PCA axes, and about 18.1 percent of this 
was accounted for by the first PCA axis, which separated ungrazed and smaller woods from 
grazed, urban and larger woods. It was also a gradient of decreasing canopy cover (Table 2). 
However, canopy cover was not independent of grazing history, with grazed and urban 
woods having a thinner or lighter canopy than ungrazed woods (one-way ANOVA, 2,97 df, 
f-value=5.09, P=0.008). Thus, the first axis was a gradient of disturbance and woodland size. 
The traits associated with ungrazed woods likely explain species' susceptibility to grazing 
(Table 3). Moist habitats and low light are consistent with a denser canopy, and it is well-
established that over time grazing kills overstory trees, reducing canopy cover (Behre et al. 
1929, Lutz 1930, Den Uyl et al. 1938). Intolerance of high disturbance, particularly 
anthropogenic disturbances, was another trait associated with species of ungrazed woods. In 
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addition, ant dispersal, presence of below ground/root storage, low stature and capsules are 
traits that have been associated with species of older, undisturbed woods and would likely 
make species susceptible to cattle grazing (Stniik & Curtis 1962, Rogers 1982, Pitelka et al. 
1985, Brunet 1993). Conversely, traits associated with grazed and urban woods included 
generalist habitat preference, as well as non-natives, cosmopolitan distribution, small seed 
size, and many seeds per plant, traits consistent with the ability to colonize disturbed areas 
(Howe & Small wood 1982, Herrera 1991). 
The effect of woodland size, although a strong factor in this analysis, was counter­
intuitive because the traits associated with smaller woods (preference for moist sites and 
closed canopy (low light), intolerance of disturbance, spring ephemeral growth form and ant 
dispersal) are characteristic of high quality rather than degraded woodlands in this region 
(Kucera 1952, Norris 1999). Helliwell (1976), in a study of woodlot isolation in Great 
Britain, found that isolated woods contained more valuable species compared to larger 
woodlands because the larger areas had been more intensively managed, particularly for 
timber production. In Poland, isolated woods were also associated with a distinct subset of 
herbaceous species, including those dispersed by ants, compared to small woodlands that had 
longer and more intensive period of disturbance by himians (Dzwonko 1989). In my study 
small woods were least likely to be have been grazed, but this may be an artifact of the 
sampling design, since I only placed plots in grazed woods that were adjacent to a relatively 
high quality ungrazed area. Clearly, further investigation into the effect of woodland size, 
isolation and management history is needed. 
The negative portion of axis 2 appeared to represent a group of traits associated with 
perennial herbs and ferns and with low to moderate frequency of occurrence. This group of 
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traits also includes presence of below ground storage, stout or woody rhizome or caudex, 
pollination by animals, high vegetative spread, and compound and whorled leaves, a 
constellation of traits not associated with a single TWINSPAN group. Functionally, the 
association of these traits with low nutrients conforms to some predictions but not others. For 
example, high vegetative spread is consistent with the idea that plants in low nutrient 
environments use vegetative structures to explore and exploit spatially distributed and scarcer 
nutrients (Lovett-Doust 1981, Waller 1988). However, compound leaves, thought to 
represent throwaway branches, may be profligate under low resources (Givnish 1978). Wind 
diaspore dispersal has been associated with ability to colonize disturbed sites, but vegetative 
spread is more characteristic of undisturbed sites (Mclntyre et al.l995). Under high nutrients, 
the traits are associated with trees, graminoids and annual/bieimials. Again, it is difficult to 
pinpoint which traits confer function in this environment, but clearly the three groups, which 
were separated by TWINSPAN, are not operating as distinct functional groups. Similar 
patterns hold for the other two PCA axes. 
The trait-environment linkages seen in this study demonstrate that the groups 
identified by TWINSPAN or other classifications do not necessarily act as functional groups. 
Although a majority of the traits that loaded strongly on the PCA axes were also indicator 
traits for fonctional groups, these indicator traits were distributed across multiple PCA axes, 
and traits from no single TWINSPAN group dominated any of the axes. 
If TWINSPAN groups are not acting as fimctional groups in this community, there 
are a number of other possibilities. One is that there still are a small number of groups acting 
functionally, but that differ from those identified by TWINSPAN, for example, in the manner 
of Grimes's classification of species as stress tolerators, competitors and ruderals (Grime 
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1979). A second possibility is that plant populations may differ so strongly in response to 
habitat, disturbance and competition that it is not possible to summarize them into a small 
number of groups based on key characters (Grubb 1985). The results of this study offer 
some support to both views. For example, some traits associated with ungrazed woods match 
Grimes' (1979) classification of stress tolerators (small stature, long-lived organs), and many 
traits associated with grazed woods match the definition of ruderals (aimuals or short-lived 
perennials, small and numerous seeds); however, many of the axes were an admixture of 
traits where it was not clear in what way they are operating as a group. A third possibility is 
that lack of clear functional types within a single community does not imply that they are not 
important and useful at the broader scale of major biomes (Chapin et al. 1996). 
Comparison of the results of TWINSPAN (Table 1) with the results of the PCA 
ordination of the same data (Fig. 1, 2) shows that both analyses distinguish similar groups. 
However, it also illustrates how TWINSPAN may be limited in defining functional groups, 
because the groups themselves can share a significant number of traits. A comparison of 
graminoids and trees (groups 1 and 6, respectively) illustrates how groups distinguished by 
TWINSPAN can also share traits. Graminoids are most distant from canopy trees in the 
TWINSPAN classification (Table 1); in the PCA ordination diagram these two groups are 
clearly distinguished on axis 1, but overlap on the negative portion of axis 2 because they 
also share traits in common (Figs. 1-2). That graminoids and canopy trees may also be 
functionally similar is bome out by the results of the ordination of plots x traits, where traits 
that indicate both groups occur together on the positive portion of axis 2 (Table 3). 
Other studies have shown that when gradients are relatively steep and where one 
gradient predominates, the relationship between a small number of functional groups and the 
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predominant environmental gradient can be clear. For example, in previous studies where 
the predominant gradient was a sharp change in elevation that was correlated with changes in 
temperature and rainfall, or where the study was designed to control for confounding factors, 
the groups of species identified by classification and the distribution of traits along the 
gradients were well matched, i.e., traits firom distinct groups of species dominated different 
portions of the gradient (Diaz et al. 1992, Diaz & Cabido 1997). 
Even when strong trait-environment linkages are evident, there are several reasons to 
be cautious before identifying a small group of traits as functional or key traits. Phylogenetic 
information was not included in this analysis, and without information on the relationships 
among species, it is not possible to distinguish traits that have evolved under a specific of 
conditions from traits that are correlated because of shared ancestry (Diaz & Cabido 1997). 
For example, conifers are highly successful in boreal and alpine environments, probably due 
to their stem anatomy and resistance to embolism (Wang et al. 1992). The association 
between conifers and boreal and alpine environments also leads to a high frequency in these 
environments of plants with cones and other coniferous traits, even though the latter traits 
may have little to do with their success. This caution is borne out by the central Iowa data 
analyzed in this study; most of the groups were dominated by a small group of plant families 
(Table 1). Clearly, many traits co-occur due to common ancestry and not all can be 
considered functional. 
Although one of the goals of fimctional group analyses is to aid in generalizing and 
comparing community patterns without regard to species differences, trait-environment 
linkages may not be consistent across community types. Comparison of the current study 
v^th a similar analysis of central New England forests illustrates one of the potential benefits. 
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but also one of the difficulties of this approach. Both studies identified exposure to solar 
radiation as an important gradient, and similar traits were related to lower solar radiation in 
both studies (diaspore dispersal by animal ingestion, fleshy fruits, branching architecture, and 
leaves less than 3 times longer than wide). However, higher exposure to solar radiation was 
related to a very different set of traits in the two studies, largely because in New England 
more exposed sites were associated with traits that identified ferns and fem allies, a group of 
species that was relatively uncommon in Iowa. Both studies also identified disturbance as an 
important influence on the distribution of traits, yet interpretation of the association is not 
straightforward because the disturbance regimes of the two areas are entirely different, e.g. 
cattle grazing in central Iowa vs. historical land use and hurricane damage in central New 
England. As a result, traits associated with high disturbance in New England bear little 
resemblance to those in central Iowa (Mabry et al. 2000). 
Another difficulty in generalizing and comparing is that traits may have more than 
one fimction. The best example is extensive cloned growth, which has been associated with 
promoting success under both high and low disturbance, and under both high and low 
resource levels (Whitford 1949, Sobey & Barkhouse 1977, Grime 1979, Grubb 1985, Waller 
1988, D'Antonio 1993). Trait function may be context dependent, particularly for traits that 
are highly plastic. 
There is interest in determining how tightly vegetative and reproductive characters 
are linked; because a strong linkage would aid in simplification of groups of species to a 
small subset of characters that can be used to predict and model vegetation response to 
changing environments (Diaz et al. 1998). Although several studies have found that 
vegetative and reproductive characters are not well-linked (Westoby et al. 1992, Thompson 
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et al. 1996), I found that both the traits that defined the functional groups and the traits that 
had the strongest loadings on the PC A axes were a mixture of reproductive and vegetative 
traits and therefore appeared to be linked. Others have also found evidence for such linkage 
(Diaz et al. 1998, Mabry et al. 2000). 
Landscape frequency of traits 
Species with the greatest mean frequency of occurrence (mean number of plots in 
which a species was present) shared several traits: they are dispersed by ants and by 
attachment to animals, flower in spring, prefer closed canopy habitats (low light), are 
intolerant of human disturbance, and are native species. These associations are surprising 
because they suggest that, with the exception of grazed areas, the woodlands are high quality, 
despite their history anthropogenic disturbance, their increasing fragmentation and their 
remnant status in an agricultural landscape. The high mean frequency of occurrence of 
species dispersed by attachment to animals is not surprising given the high potential for 
movement across the landscape that species with this mode of dispersal have (Willson 1983), 
but equally high mean frequency of occurrence of species dispersed by ants and the relatively 
low mean frequency of wind dispersed species is surprising. Ant dispersal is associated with 
restricted ability to disperse long distances and tolerate disturbance (Willson 1983, Woods 
1984), while the reverse is true for wind dispersal (Mclntyre et al. 1995) 
These frequency data, along with the association between smaller woodlands and the 
spring ephemeral growth form and ant dispersal (traits associated with a cohort of the most 
beautiful and valued woodland species in this region) suggest that the remnant woodlands 
that were included in this study are valuable resources to protect and restore. Unless grazed 
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by cattle, other small woodlands may be important to maintaining the diversity of woodland 
vegetation in this highly fragmented and intensively modified region. 
Conclusions 
Linkages between traits and environment were identified, but the data suggested that 
the groups identified by TWINSPAN are not acting as discrete functional groups in these 
woodlands. Although other functional groupings of species likely occur, particularly in 
relation to strong gradients, e.g., different grazing history, there several reasons to be 
cautious before concluding that a small number of key characters defines functional groups. 
When interest is narrowed to traits associated with landscape-scale abundance, clear patterns 
emerged and suggested that, despite the long history of human use and increasing 
fragmentation of Iowa forests, the most frequent species are still those requiring specialized 
habitats and dispersers. 
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Fig. 1. PCA axes 1 and 2 of the species x traits matrix. Numbers 








Fig. 2. PCA axes 1 and 3 of the species x traits matrix. Numbers 
indicate groups defined by TWINSPAN and described in Table 1. 
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Fig. 3. Mean frequency of occurrence of species grouped by method of 






















Tolerance of Human Disturbance 
Fig. 4. Mean frequency of occurrence of species grouped by habitat 




Fig. 5. Mean frequency of occurrence of species grouped by whether 
they are native or non-native to Iowa (mean ± 1 standard error). 
113 
Table 1. Six groups of species classified by TWINSPAN, and traits associated with 
each group of species. Percent of species with a given trait is shown in Appendix 1. 
Asterisk denotes indicator traits for each group as determined by TWINSPAN. 
S p e c i e s  Family Trait 
Group 1: Graminoids (n=34) 
Juncus tenuis Juncaceae diaspore dispersal passive 
Glycera striata Poaceae disturbance not tolerated 
Panicum lanuginosum Poaceae * endosperm plentiful 
Poa pratensis Poaceae flowering spring 
Sphenopholis obtusata Poaceae flowers zygomorphic 
Brachyelytrum erectum Poaceae fruit a caryopsis 
Danthonia spicata Poaceae * growth form graminoid 
Panicum latifolium Poaceae habitat preference moist 
Bromus pubescens Poaceae leaves entire 
Cinna arundinaceae Poaceae leaves > 3x longer than wide 
Elymus hystrix Poaceae range size continental 
Elymus virginicus Poaceae rhizome/caudex stout or woody 
Elymus viilosus Poaceae seeds 1.1-2.0 mm 
Festuca subverticillata Poaceae seeds 2.1-3.0 mm 
Leersia virginica Poaceae seeds/plant 25-100 
Oryzopsis racemosa Poaceae stem morphology a tuft 
Carex pensylvanica Cyperaceae vegetative spread low 
Carex sprengelii Cyperaceae vegetative spread none 
Polygonum punctatum Polygonaceae 
Carex albursina Cyperaceae 
Carex amphiboia Cyperaceae 
Carex blanda Cyiieraceae 
Carex cephalophora Cyperaceae 
Carex davisii Cyperaceae 
Carex gravida Cyperaceae 
Carex hirtifolia Cyperaceae 
Carex jamesii Cyperaceae 
Carex oligocarpa Cyperaceae 
Carex pedunculata Cyperaceae 
Carex rosea Cyperaceae 
Carex sparganioides Cyperaceae 
Carex normalis Cyperaceae 
Thalictrum dasycarpum Ranunculaceae 
Thaiidrum dioicum Ranunculaceae 
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Table 1 (continued) 
Group 2: Annuals (n=14) 
Laportia canadensis Urticaceae Anthropogenic disturbance tolerated 
Parietaria pensylvanica Urticaceae diaspore dispersal wind 
Pilea pumila Urticaceae * endosperm lacking or scanty 
Urtica dioica Urticaceae flowering in fall 
Antennaria plantaginifolia Asteraceae flowers dioecious 
Hackelia species Boraginaceae * growth form annual/biennial 
Bramus tectorum Poaceae growth form herbaceous 
Erigeron annuus Asteraceae leaf margins lobed or dissected 
Erigeron philadelphicus Asteraceae leaf margins serrate 
Erigeron strigosus Asteraceae leaves < 3x long as wide 
Vernonia baldwinii Asteraceae non-native 
Ambrosia artemisiifolia Asteraceae pollination animals 
Ambrosia trifida Asteraceae seeds <1.0 mm 
Chenopodium species Chenopodiaceae seeds/plant 100-1000 
stem morphology 1 main stem 
Group 3: Understory herbs with fall flowering, dry seeds and low vegetative spread 
Group 3a: Herbs with little endosperm (n=41) 
Amphicarpaea bracteata Fabaceae diaspore dispersal wind 
Desmodium paniculatum Fabaceae * endosperm lacking or scanty 
Medicago lupulina Fabaceae flowering in fall 
Taraxacum officinale Asteraceae flowers zygomorphic 
Agaslache nepetoides Lamiaceae fruit an achene 
Blephilia hirsuta Lamiaceae fruits indehiscent 
Circaea lutetiana Asteraceae habitat preference low light 
Glechoma hederaceae Lamiaceae habitat preference moist 
Nepeta cataria Lamiaceae height 1.6 - 5 m 
Prunella vulgaris Lamiaceae leaf margin serrate 
Stachys tenuifolia Lamiaceae seeds 2.1-3.0 mm 
Teucrium canadense Lamiaceae seeds/fruit 1-3 
Bidens frondosa Asteraceae seeds/plant 25-100 
Galium aparine Rubiaceae vegetative spread high 
Impatiens species Balsaminaceae vegetative spread low 
Lactuca floridana Asteraceae 
Phryma leptostachya Verbenaceae 
Polygonatum biflorum Liliaceae 
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Table 1 (continued) 
Polymnia canadensis Asteraceae 
Polygonum convolvulus Polygonaceae 
Prenanthes alba Asteraceae 
Rudbeckia laciniata Asteraceae 
Silphium perfoliatum Asteraceae 
Verbesina allernifolia Asteraceae 
Agrimonia gryposepala Rosaceae 
Agrimonia pubescens Rosaceae 
Arctium species Asteraceae 
Aster cordifolius Asteraceae 
Aster laterijlorus Asteraceae 
Chrysanthemum leucanthemum Asteraceae 
Cirsium species Onagraceae 
Eupatorium purpureum Asteraceae 
Eupatorium rugosum Asteraceae 
Fragaria species Rosaceae 
Geum canadensis Rosaceae 
Helianthus strumosus Asteraceae 
Solidago canadensis Asteraceae 
Solidago Jlexicaulis Asteraceae 
Solidago gigantea Asteraceae 
Solidago nemoralis Asteraceae 
Solidago ulmifolia Asteraceae 
Group 3b: Herbs with abundant endosperm and dehiscent Quits (n=4S) 
Acalypha virginica Euphorbiaceae * endosperm plentiful 
Apocynum androsaemifolium Asclepiadaceae flowering summer 
Aquilegia canadensis Ranunculaceae fruit a capsule 
Arenaria lateriflora Caryophyllaceae * fruit dehiscent 
Comandra umbellata Santalaceae height <0.5 m 
Cuscuta species Cuscutaceae leaves entire 
Ellisia rxyctelea Hydrophyllaceae leaves whorled 
Oxalis stricta Oxalidaceae seeds/ plant <25 
Paronychia canadensis Caryophyllaceae seeds/fruit 20+ 
Phytolacca americana Phytolaccaceae vegetative spread none 
Polemonium reptans Polemoniaceae 
Potentilla simplex Rosaceae 
Ranunculus abortivus Ranunculaceae 
Sicyos angulatus Cucurbitaceae 
Solanum nigrum Solanaceae 
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Table 1 (continued) 
Steilaria aquatica Caryophyllaceae 
Taenidia integerrima Apiaceae 
Thaspium barbinode Apiaceae 
Triosteum perfoliatum Caprifoliaceae 
Zizia aurea Apiaceae 
Alliaria petiolata Brassicaceae 
Arab is canadensis Brassicaceae 
Asclepias purpurascens Asclepiacaceae 
Asclepias verticillata Asclepiadaceae 
Athyrium filix-femina Aspleniaceae 
Campanula americana Campanulaceae 
Habenaria viridis Orchidaceae 
Lillum species liliaceae 
Lobelia inflata Campanulaceae 
Pedicularis canadensis Scrophulariaceae 
Plantago major Plantaginaceae 
Plantago rugelii Plantaginaceae 
Pyrala elliptica Pyrolaceae 
Rumex crispus Polygonaceae 
Scrophularia marilandica Scrophulariaceae 
Scilla siberica Liliaceae 
Silene stellata Caryophyllaceae 
Triodanis perfoliata Campanulaceae 
Veronicastrum virginicum Scrophulariaceae 
Anenome virginiana Ranunculaceae 
Galium boreale Rubiaceae 
Galium circaezans Rubiaceae 
Galium concinnum Rubiaceae 
Galium triflorum Rubiaceae 
Equisetum arvense Equisetaceae 
Group 4: Herbs with preferred habitat of high moisture and low light 
Group 4a: herbs with dehiscent fruit and stature less than S m (n=27) 
Liparis liliifolia Orchidaceae 
Monotropa uniflora Monotropaceae 
Orchis spectabilis Orchidaceae 
Arabia shortii Brassicaceae 
Asarum canadense Aristolochiaceae 
Claytonia virginica Portulaccaceae 
diaspore dispersal ants 
diaspore dispersal wind 




Table 1 (continued) 
Cardamine concatenata Brassicaceae fruit a capsule 
Delphinium tricome Ranunculaceae * fruit dehiscent 
Dicentra cucullaria Fumariaceae * height < 0.5 m 
Dioscorea villosa Dioscoreaceae leaves basal 
Erythronium albidum Liliaceae leaves opposite 
Geranium macuiatum Geraniaceae seed size 1.1-2.0 mm 
Isopyrum biternatum Ranunculaceae seeds/fruit 20+ 
Mitella diphylla Saxifragaceae seeds/fruit 4-20 
Phlox divaricata Polemoniaceae seeds/plant 100-1000 
Podophyllum peltalum Berberidaceae stem moq)hology a tuft 
Sanguinaria canadense Papaveraceae vegetative spread low 
Trillium ntvale Liliaceae 
Uvularia grandiflora Liliaceae 
Viola palmata Violaceae 
Viola pubescens Violaceae 
Viola sororia Violaceae 
Adiantum pedatum Adiantaceae 
Botrychium dissectum Ophioglossaceae 
Cystopteris protrusa Aspleniaceae 
Dryopteris carthusiana Aspleniaceae 
Botrychium virginianum Ophioglossaceae 
Group 4b: herbs with indehiscent fruits, stature of 0.6-1.5 m and seeds per fruit 1-3 (n=23) 
Actaea alba Ranunculaceae 
Actaea rubra Ranunculaceae diaspore dispersal by animal ingestion 
A ralia nudicaulis Araliaceae flowering in sununer 
Arisaema iriphyllum Araceae flowers in inflorescences 
Panax quinquefolius Araliaceae fruit a schizocarp 
Smilax ecirrata Smilacaceae fruit a berry 
Smilacina racemosa Liliaceae fruit an achene 
Smilacina stellata Liliaceae fruits fleshy 
Caulophyllum thalictroides Berberidaceae * fruits indehiscent 
Chaerophyllum procumbens Apiaceae • height 0.6-1.5 m 
Cryptotaenia canadensis Apiaceae leaves alternate 
Desmodium glutinosum Fabaceae leaves compound 
Hydrophyllum virginianum Hydrophyllaceae leaves whorled 
Mertensia virginica Boraginaceae seeds 2.1-3.0 mm 
Osmorhiza claytonii Apiaceae seeds 3.1-5.0 mm 
Osmorhiza longistylis Apiaceae • seeds/fruit 1-3 
Sanicula gregaria Apiaceae stem morphology branching 
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Table 1 (continued) 
Allium tricoccum Liliaceae 
Polygonum virginianum Polygonaceae 
Anemone quinquefolia Ranunculaceae 
Anemonella thalictroides Ranunculaceae 
Hepatica acutiloba Ranunculaceae 
Ranunculus hispidus Ranunculaceae 
Group S: Growth form shrubs (ii=42) 
Rosa multiflora Rosaceae anthropogenic disturbanc tolerated 
Rubus allegheniensis Rosaceae * diaspore dispersal by animal ingestion 
Rubus occidentalis Rosaceae endosperm plentiful 
Elaeagnus angustifola Elaeagnaceae flowering in summer 
Lonicera morrowii Caprifoliaceae flowers perfect 
Amelanchier arborea Rosaceae fruit a drupe 
Berberis thunbergii Berberidaceae • fruits fleshy 
Crataegus species Rosaceae growth form shrub 
Euonymus alatus Celastraceae habitat preference high or low light 
Ribes species Grossulariaceae height 1.6-S.O m 
Prunus serotina Rosaceae leaves entire 
Prunus virginiana Rosaceae non-native 
Cornus alternifolia Comaceae pollination animal 
Cornus drummondii Comaceae seeds 3.1-S.O mm 
Cornus racemosa Comaceae seeds/plant 100-1000 
Cormts rugosa Comaceae thorns present 
Dirca palustris Thymelaeaceae vegetative spread high 
Euonymus atropurpureus Celastraceae 
Prunus americana Rosaceae 
Rhamnus cathartica Rhamnaceae 
Symphoricarpos orbiculatus Caprifoliaceae 
Viburnum dentatum Caprifoliaceae 
Viburnum lentago Caprifoliaceae 
Viburnum opulus Caprifoliaceae 
Viburnum rafmesquiarmm Caprifoliaceae 
Aralia racemosa Araliaceae 
Sambucus racemosa Caprifoliaceae 
Sambucus canadensis Caprifoliaceae 
Staphylea trifolia Staphyleaceae 
Lonicera prolifera Caprifoliaceae 
Smilax hispida Smilacaceae 
Celastrus scandens Celastraceae 
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Group 6: Growth form canopy trees (n=27) 
Populus deltoides Salicaceae diaspore dispersal passive 
Populus tremuloides Salicaceae diaspore dispersal wind 
Cercis canadensis Caesalpiniaceae endosperm lacking or scanty 
Gleditsia triacanthos Caesalpiniaceae flowering in early spring 
Gymnocladus dioictts Caesalpiniaceae flowers monoecious 
Acer negundo Aceraceae frequency 51-75 percent of plots 
Acer nigrum Aceraceae fruit a nut/nutlet 
Fraxinus americana Oleaceae fruit an achene 
Fraxinus nigra Oleaceae • fruit dry 
Fraxinus pensylvanica Oleaceae • growth form canopy tree 
Be tula papyri/era Betulaceae habitat preference low light 
Tilia americana Tiliaceae height >20 m 
Ulmits americana Ulmaceae pollination wind 
Ulmus rubra Ulmaceae seeds >10.1 mm 
Celtis occidentalis Ulmaceae seeds cached by animals 
Carya cordiformis Juglandaceae seeds/plant 1000+ 
Carya ovata Juglandaceae vegetative spread none 
Corylus americana Betulaceae 
Juglans nigra Juglandaceae 
Quercus alba Fagaceae 
Quercus macrocarpa Fagaceae 
Quercus muehlenbergii Fagaceae 
Quercus rubra Fagaceae 
Quercus velutina Fagaceae 
Carpinus caroliniana Betulaceae 
Ostrya virginiana Betulaceae 
Aesculus glabra Hippocastanaceae 
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Table 2. Environmental factors associated with PCA axes scores from ordination of 
traits of canopy tree and understory species of central Iowa woodlands. Values for 
continuous variables are the correlation coefUcients between PCA axis and the 
environmental or anthropogenic factors. Values for the categorical variables are the 
mean PCA axis scores of plots in each category; significance was tested by one-way 
ANOVA, with axis scores as the dependent variable and environmental or 
anthropogenic factors as the grouping variable. Only factors with significance levels 
<0.05 are shown (in parentheses). 
A x i s  1 2  3  4  
% variance (cumulative) liJ 22^ 22.2 415 
Environmental factors 
Slope - -0.443(50.0001) - -.216(0.028) 
Total Saplings - -0.215(0.030) -0.355(0.0002) 
¥2+ canopy layers -0.338 (<0.0006) . . -
Phosphorous -0.203(0.041) 0.301(0.002) 
Potassium - 0.387 (SO.OOO I) 
Nitrogen - 0.309(0.002) 
PH - 0.242(0.014) 
Organic matter - 0.411 (SO.OOO 1) 
t Exposure . . (0.001) 
least solar radiation -0.048 
medium solar radiation 0.27 
maximum solar radiation 0.26 
tLandscape position ... (0.008) 
upper slope/ridge 0.31 
mid slope 0.17 
low slope -0.44 
tLandform - (0.0004) 
lowan surface 0.04 
Des Moines lobe -0.47 






tSize of woodland (sO.OOOl) (0.001) 
large continuous 0.36 -0.63 
intermediate 0.21 0.25 
small isolated patch -0.49 0.14 
t S t a t u s  . . .  ( 0 . 0 2 2 )  
private land -0.36 
state preserve 0.32 
other public land :£L2J 
tCategorical variables, analysed with one-way ANOVA 
VRefers to percent of the plot covered by two or more canopy layers as measured with a densiometer 
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Table 3. The 25 percent of traits with the highest loadings on the first four PC A axes of the 
trait X plot ordination. Groups (defined by TWINSPAN) that a trait helped to define are 
indicated. Groups are l=graminoids; 2 = annuals/biennials; 3a=dry seeded herbs with little 
endosperm; 3b dry seeded herbs with plentiful endosperm; 4a=herbs of moist habitats with 






Axis 1 Aiis3 
Unerazed. smaller woods Saolins number hicher 
Habitat preference moist .0.8184 1.3a Height 5.1-20 m -0.7748 
Habitat preference low light 
-0.8101 3a. 6 Roots woody -0.7404 
Disturbance by humans not tolerated -0.7743 1 Growth foini shrubs -0.7280 5 
Flowering in early spring 
-0.7293 6 Thorns present -0.6097 5 
Diaspore dispersal ants 
-0.7088 4a Fruit a follicle -0.5930 
Range size medium 
-0.7005 1 Stem tnotphology branching -0.4987 4b 
Native 
-0.6857 Fruits fleshy -0.4363 4b. 5 
Fruits dehiscent 
-0.6183 3b. 4a Fruit a dnipe -0.3858 5 
Below ground storage present 
-0.6053 Fniit a hip -0.3848 
Growth form spring ephemeral 
-0.5566 Growth form vines -0.3827 
Seeds/fruit 4-20 
-0.5468 4a Fruit a pome -0.3595 
Height SO.5 -0.5306 3b. 4b Diaspore dispersal by animal ingestion -0.3529 4b. 5 
Fruit a capule 
-0.5180 3b. 4a Fruit a caryopsis -0.3317 I 
Flowering in spring 
-0.5159 1 
Saoline number lower 
Grazed, urban and lareer woods 
Seeds/fhiit 1-3 0J176 3a. 4b 
Root a taproot 0.4736 Fruit a schizocarp 0J245 4b 
Frequency of occurrcnce 6.1 -20 percent 0.4881 Roots fibrous 0J427 
Fruit a legume 0.5010 Leaves whorl ed 0J523 3b. 4b 
Fruit indchiscent 0.5241 3a. 4b Fruit an achene 0.3620 3a, 4b. 6 
Seeds/plant 100-1000 05386 2 Frequency of occurrence 21 -50 percent 0.3628 
Range size cosmopolitan 0.6154 Growth form an annual/bieiuiial 0.4242 2 
Non-nalive 0.6528 2,5 Flowering in fail 0.4277 2.3a 
Seed size <. 1.0 mm 0.6560 2 Seed/plant 25-100 0.4496 1.3a 
Flowering in fall 0.6731 2,3a Height 0.6-1.5 m 0.4654 5 
Frequency of occurrence S 5 percent 0.6898 Fruits dry 0.5327 6 
Disturbance by humans tolerated 0.7543 2,5 Growth form perennial herb 0.5739 2 
Habitat preference high or low light 0.7798 2 Thorns absent 0.6895 
Habitat preference moist or dry sites 0.7891 Stem morphology I main stem 0.7237 2 
Axis 2 Axis 4 
Low nutrients, stecoer SIODCS Lower solar radiation, lower slones 
Spores 
-0.6649 Fruit a caryopsis -0.5564 1 
Growth form fem/fem ally 
-0.6649 Stem morphology a tuft -0.5347 1 
Diaspore dispersal wind 
-0.5371 6 Height S 0.5 -0.4565 3b. 4a 
Frequency of occurrence 6.1 -20 percent 
-0.5213 Seed size 1.1-2.0 mm -0.4534 1 
Leaves basal 
-0.4805 4a Leaves > 3 times longer than wide -0.4416 1 
Growth form perennial herb 
-0.4540 2 Non-native -0.4397 2.5 
Vegetative spread high 
-0.4391 5 Leaves basal -0.4130 4a 
Riiizome/caudex stout or woody 
-0.4210 1 Range size cosmopolitan -0.4036 
Frequency of occurrencc S 5 percent -0.4077 Roots fibours -0.3922 
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Table 3 (continued) 
Fruit a folllcic 
-0.3921 Endosperm plentiful -0.3587 1.5 
Pollination animal 
-0J505 2 Growth fomi graminoid -0.3586 1 
Below ground storage present 
-0.3205 Fruits dry -0J403 6 
Leaves compound -0.3146 4b 
Leaves whorled -0J113 3b. 4b Moderate to hishest solar radiation. mid to uBoer slooes 
Hieher nutrients, eentler sloncs Seeds/fruit 1-3 0J444 3a. 4b 
Fniit a kgume 0J467 
Fruit a schizocarp 0J079 4b Stem mofphology branching 0J736 4b 
Fruits cached by animals 0J123 6 Diaspore dispersal animal ingestion 0.3738 4b. 5 
Height 5 20 m 0J257 6 Native 0J837 
Seeds/fruit 1-3 0J258 3a Flowers in inforescences 0.3942 4b 
Flowering in spring 0J452 I Growth fotm canopy tree 0.4001 6 
Fruit a nut/nutlct 0J556 6 Height S 20 m 0.4019 6 
Flowers in inflorescences 0J645 4b Roots woody 0.4141 
Growth form canopy tree 0.4417 6 Fruits fleshy 0.4269 4b. 5 
Fruit a caryopsis 0.5014 1 Leaves < 3 times longer than wide 0.4585 2 
Growth form annual/biennial 0.5179 2 Endosperm lacking or scanty 0.4592 2.3a, 4a. 6 
Frcqucncy of occurrence 5 75 percent 0.5187 Seeds cached by animals 0.4738 6 
Flowers monoecious 03329 6 Seeds > 10.1 mm 0.4791 6 
Pollination wind 0.5471 6 Seeds 3.1-5.0 nun 0.5337 4b. 5 
Table 4. Relationship between traits and frequency of occurrence of species 
occurring in central Iowa woodlands. Data were analyzed by one-way 
ANOVA. Details are illustrated in Figs. 3-5. 
Trait df F-value P 
Mode of diaspore dispersal 5,247 6.15 <0.0001 
Flowering phenology 3,241 5.83 0.0007 
Native vs. non-native 1,251 9.75 0.002 
Light preference 1,250 16.6 <0.0001 
Tolerance of human disturbance 1,250 12.63 0.0005 
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Appendix I. Attributes compiled for woodland forest plant species of central 
Iowa, U.S.A. Frequency is the percent of species exhibiting each trait. 
Attribute Frequency 
Reproductive traits 
Diaspore dispersal (seeds, spores) 
wind 18.6 
animal internal 21.3 





flowers perfect 74.4 
flowers unisexual, monoecious 16.3 




















Fruit Type 2 
fleshy 23.3 
dry 76.7 




flowers bome singly or in pairs 









absent or scanty 40.8 
abundant, well-developed 59.2 
Seed size 
<1 mm 15.9 
1.1-2 mm 28.5 
2.1-3 mm 21.8 
3.1=5 mm 17.6 
5.1-10 mm 11.3 
>10.1 mm 5.0 
















fleshy, storage 15.6 
fibrous only 39.6 









canopy tree 10.0 
spring ephemeral 4.4 
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Appendix 1. (continued) 
Thoms present 4.7 
Stem morphology 
rosette, clump or tuft 19.8 
branching 37.2 
single dominant 34.4 







3x longer than wide 28.5 
<3 X longer than wide 71.5 
Leaf shape 2 
simple 77.9 
compound 22.1 









2 I m +  8 . 7  
Phenoloeical trait 
Flowering phenology 
early spring 22.9 
spring (to early summer) 11.4 
summer 43.7 
fall 22.0 
Habitat and ranee 
Native to Iowa 89.7 





Appendix I. (continued) 
Moisture preference 
rich/moist sites only 44.8 
dry or nonpreferential 55.2 
Light preference 
closed canopy only 45.6 
closed or open canopy 54.4 
Disturbance 
not tolerant of anthropogenic disturbance 76.6 
tolerant of anthropogenic disturbance 23.4 
Other 
Frequency of Occurrence 
<5 plots 38.3 
6-20 plots 24.1 
21-50 plots 18.6 
51-75 plots 11.5 
75+ plots 7^ 
tScored as none for species not producing ramets; high for for species with spreading rhizomes 
and stolons, layering and root suckering; low for species with bulbs, cornis . and stout rhizomes. 
¥Scored as continental for species occurring in all or most of the United States, across Canada, to 
Mexico and South America. 
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CHAPTER 5. REPRODUCTIVE OUTPUT AND ALLOCATION OF COMMON 
VERSUS RESTRICTED WOODLAND HERBACEOUS SPECIES IN CENTRAL 
IOWA, U.S.A. 
A paper to be submitted to Oecologia 
C.M. Mabry 
Abstract 
Consistent phenologicai traits separating plant species that are relatively rare from 
those that are widespread and common have not emerged in the literature due to a number of 
factors. These include variation in the definition of rarity, failure to include taxonomic or 
phylogenetic information in the comparison, and the small number of species pairs included 
in the comparative studies that have been done. I examined the relationship between species 
frequency and seed number and size in 17 species (10 restricted and seven common species, 
matched within seven plant families I found that restricted species had nearly an order of 
magnitude fewer but larger seeds compared to closely related common species. These 
differences were not evident when taxonomic information was not included. Although 
correlation does not imply causation, the results suggest that the recent anthropogenic 
disturbance history of central Iowa woodlands may have promoted colonization of species 
with more abundant, smaller and more dispersible seeds over those with fewer, larger and 
less dispersible seeds. 
Key-words: Comparative method. Forests, Rarity, Reproduction 
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Introduction 
A fundamental quest of plant ecology is to understand why most plants are absent 
from almost everywhere (Harper, Silvertown and Franco 1997). A corollary to this is to ask 
why some plants are found in fewer places than others are. At the heart of this issue is the 
question of what limits the distribution and abundance of plants, particularly those that are 
rare or restricted. 
A major focus of the study of rare species has been on mechanisms separating rare 
and common species (see Gaston and Kunin, 1997, for a review of recent literature for both 
plants and animals), with the goal of finding traits that cause rarity, or patterns of traits 
related to rarity. Differences in rare and common species have been found in pollination 
biology (Karron 1987, Kunin and Shmida 1997), self-compatibility (Pantone cited in Fiedler 
1985), reproductive systems (Mehrhoff 1983), reproductive output (Fiedler 1987), diaspore 
weight (Rabinowtiz 1978, Aizen and Patterson 1990), dispersal ability (Rabinowitz and Rapp 
1981), persistence (Rabinowitz etal. 1989), life form (Harper 1979), neighborhood structure 
(Rabinowitz, Bassett and Renfro 1979), and habitat (Pigott 1981). 
However, finding a consistent pattern of differences has been elusive. Fiedler (1995), 
after finding that common species of Calochortus lilies differed in some reproductive 
characters from two, but not all three, congeneric rare lilies, concluded that rare species may 
be idiosyncratic, differing in character from common as well as other rare species. Similarly, 
Kunin and Gaston (1997) pointed to a number of trends in the reproduction and dispersal of 
rare species. However, they concluded that, because of the often substantial and unexplained 
variance in traits and the moderate explanatory power of the trends, they should not be 
regarded as a suite of consistent rare species traits. 
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Discovery of traits that cause rarity has been hindered by a number of problems. 
There are methodological questions about the definition of rarity itself as well as differences 
among studies in the abundance measures used to categorize species as rare. In addition, it is 
difTicult to distinguish patterns that reflect rarity from the causes of rarity (Gaston 1994). 
Another problem arises when comparing ecological traits between common and rare 
species. When phylogenetic history is not included, it is impossible to know whether trait 
differences are functional, or are present only as artifacts of different phylogenetic histories 
(Waller 1988, Mazer 1989, Travis 1994, Harper et al. 1997, Kunin and Shmida 1997, 
Silvertown and Dodd 1997). However, with some exceptions (see below), comparative 
studies of rare and common species have not included phylogeny (Gaston 1994). 
The small number of plant studies that have included phylogenetic information points 
to a third issue in the study of trait differences between rare and common species. Studies to 
date have involved a single genus or family, limiting the ability to generalize to other species 
(Rabinowitz 1978, Rabinowitz and Rapp 1981, Rabinowitz et al. 1979, 1989, Pigott 1981, 
Mehrhoff 1983, Fiedler 1987, Karron 1987, Gaston 1994). 
In general, rarity is a statement about geographic distribution and abundance (Gaston 
1994, Fiedler 1995). For most people, "rarity" evokes species that are locally endemic, of 
small geographic range, or with very small populations. These are usually the species of 
most concem to conservation biologists. Less restrictive criteria that aid in studying rare 
plants have also been proposed. Gaston (1994) included one definition of rarity as species 
that have low abimdance and small ranges when contrasted with reasonably closely related 
taxa. Rabinowitz recognized as sparse those species that are v^despread geographically but 
not locally dominant in the vegetation (Rabinowitz 1978,1981). 
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Although many traits influence plant reproduction, I studied reproductive output and 
allocation to seeds, as estimated by the number and sizes of seeds, because seeds are the 
ultimate means of colonization by sexual reproduction (Rabinowitz 1980). Also, seed mass 
is associated with a large number of other important phenological traits (Mazer 1989). The 
number and size of seeds are an important consideration for restoration of woodlands 
because species with mobile seeds likely can be relied on to enter a restored woodland on 
their own, allowing restoration efforts to be focused less mobile species (Dobson et al. 1997). 
I also examined seed viability, dispersal, and emergence as part of another study. Following 
broader definition of rarity described above, I compared 10 restricted with seven common 
species in seven families, to determine whether differences in reproductive output and 
allocation could be detected between restricted species and closely related common species. 
Methods 
Site selection and data collection 
Based on a previous floristic inventory of 103 permanently marked plots in central 
Iowa forests, 17 species were selected and assigned as common or restricted based on 
frequency of occurrence (nimiber of plots where a species was present). None of the less 
common species chosen would qualify for inclusion as a state threatened and endangered 
species; thus I chose the term restricted rather than rare to describe the less abundant species. 
Restricted in this paper refers to the frequency of a species (i.e. the number of plots in which 
each species occurred) relative to a closely related common species. Specifically, common 
refers to species that occurred in at least 50 percent of plots, and restricted species were from 
38 percent to 91 percent less frequent than the species to which they were compared. The 
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exception to this was the pairing of Viola sororia and Viola pubescens. Viola pubescens is 
only 19 percent less frequent than V. sororia. but it is strongly associated with relatively 
undisturbed woods, while V. sororia is a strong habitat generalist (Mabry, in prep.). 
There were two additional criteria for species selection. The first was the ability to 
match common and restricted species within genus or family. Inclusion of phylogeny has 
often been limited by lack of robust phylogenies for many major groups (Gaston 1994). 
However, when a phylogeny is not available, comparing congeneric or confamilial pairs of 
species is an acceptable substitute because we can be reasonably sure that these pairs share a 
more recent common ancestor than species from other genera or families (Silvertown and 
Dodd 1997). The second criterion was that species pairs were selected only if they co-
occurred at a minimum of three sites (where site was a woodland spatially isolated from all 
other sites by a minimimi of 15 kilometers), were interspersed within sites, and occurred in 
numbers of sufficient size to allow a minimum of eight individuals to be destructively 
harvested. Table 1 gives a complete list of species and families, frequency of occurrence, 
number of sites sampled, and number of individuals harvested within each site. 
Individuals were selected for harvest by randomly selecting 8-10 individuals from a 
population at each site. When fhiits were mature, whole plants (roots, vegetative and 
reproductive structures) were harvested. In two instances it was necessary to modify the 
harvest strategy. In central Iowa, Uvularia grandiflora generally occurs in very small 
populations and destructive harvest would have essentially eliminated the populations. 
However, at one site the population consisted of thousands of individuals; at this site, a 
separate subsample of 25 individuals was harvested. Root biomass of these plants was 
regressed on total plant biomass to estimate the biomass and allocation of the sample plants 
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(R'= 0.90). Because Podophyllum is highly colonial and lacks a concentrated root system, 
root biomass was not estimated for the Podopvllum-CaulophvHum comparison. 
Upon harvest, plants were separated into roots, vegetative structures and reproductive 
structures, oven- dried at 55®C for a minimum of 48 hours, and weighed. Total reproductive 
biomass per plant (TRBM) was the fruits plus accessory structiu'es supporting the fruits, total 
seed number per plant (TSNo) was the number of mature seeds, mean seed biomass 
(MnSBM) was the mean biomass of individual mature seeds, and reproductive allocation 
(RA) was the total reproductive biomass/total biomass (including roots). Vegetative 
structures accessory to the reproductive structures, when present, were of very low biomass 
and did not affect the outcome of analyses. 
Data Analysis 
The data were analyzed using two-way ANOVA, where family was treated as a 
block, sparse vs. common as the independent variable (applied to species) and the four 
reproductive measures as the dependent variables. Family was considered a block because 1 
wanted to control for variation among families, but was not interested in this source of 
variation as an experimental question. To normalize distributions, total seed number, mean 
seed biomass, and total reproductive biomass data were log transformed before analysis. 
Results 
Restricted species produced nearly an order of magnitude larger but fewer seeds 
compared to common species (Fig. 1). Restricted species also had lower mean RA compared 
to common species (0.05 versus 0.12) and lower total reproductive biomass (0.36 versus 
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0.28). Results of ANOVA showed that for mean seed biomass, total seed number and 
reproductive allocation (RA) these differences were significant (Table 2). However, when 
phylogenetic information, i.e., families treated as blocks, was not included in the analysis, the 
relationship between traits and frequency was not evident (data not shown), with only a weak 
relationship detected between reproductive allocation and frequency (p=0.046). 
The overall pattern was consistent across plant families. Restricted species in all 
seven families included in the study had larger seeds than the confamilial or congeneric 
common species, and restricted species in six of the seven families had fewer seeds and 
lower RA compared to the related common species (Table 3). 
Discussion 
These data show that within a group of woodland herbaceous species, restricted 
species produced nearly an order of magnitude fewer, but heavier seeds, and allocated 
relatively less to reproductive biomass compared to congeneric or confamilial common 
species. Because the ability to detect differences between restricted and conmion species 
virtually disappeared when taxonomic data was not included in the analysis, the results also 
demonstrate the importance of controlling for phylogeny in comparative studies. 
The most likely explanation for the results is a different emphasis among species on 
persistence vs. dispersal. Among forest species there is often a tradeoff between smaller, 
more dispersible seeds and larger seeds better able to colonize shady habitats and to become 
established when other resources are limiting (Westoby, Leishman and Lord 1997, Froberg 
and Eriksson 1997, Wood and del Moral 1987, George and Bazzaz 1999, Ehrlen and 
Eriksson 2000). This compromise in turn can be viewed as one where the emphasis is on 
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reaching new habitats vs. persisting in the present habitat (Harper, Lovell and Moore 1970, 
Baker 1972). 
The relationship between larger seeds and persistence is supported by data that 
demonstrate the superior ability of larger seeds to persist through envirorunental stress or 
''hazards", including, competition, defoliation, drought, shade, and burial under soil or litter 
(Harper et al. 1970; Baker 1972; Westoby, Leishman and Lord 1997 and references therein). 
A greater nutrient reserve that can be deployed early in the life of the seedling to support 
carbon deficits appears to be the mechanism underlying the better performance of large-
seeded species in such conditions (Westoby et al. 1997). 
There are at least two caveats to this interpretation, however. First, much of the 
evidence for better performance under various hazards comes from data where the 
environment was manipulated, but aside from establishment in shade, there are no decisive 
data showing a functional relationship between seed size and environment in the field 
(Westoby et al. 1997). Secondly, correlation between seed mass and frequency does not 
necessarily imply a causal link. Seed mass is correlated with many other phenotypic traits, 
although a consistent correlation among taxonomic groups strengthens the interpretation of 
the cause of the correlation (Mazer 1989). 
The tradeoff between colonization and persistence offers an explanation for why, 
within the understory flora of these central Iowa forests, there is a mix of seed packaging 
strategies, but does not explain why smaller-seeded species have a higher fi^quency of 
occurrence in this data set. Examination of the recent disturbance history of woodlands in 
central Iowa, however, suggests that pattern of anthropogenic disturbance may have 
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promoted the spread of species that produce relatively abundant, small, and more mobile 
seeds relative to closely related species that produce fewer, larger and less mobile seeds. 
Prior to settlement by Europeans, the vegetation of Iowa was mosaic of prairies, 
wetlands and woodlands (Roosa 1981). Although central Iowa was dominated by prairies, 
bottomland and adjacent slopes of rivers and streams were heavily forested (Pammel 1896, 
Thomson and Hertel 1981). Since European settlement 150 years ago, Iowa's forests have 
declined dramatically in area. Estimates of Iowa's early forest cover range from 1.8 to 2.7 
million hectares, with a decline to a low of 0.65 hectares in 1974. As a result of clearing, the 
forests are now far more fragmented than they were historically. 
In addition, the remaining forest has been subjected to a wide array of anthropogenic 
disturbances. Cattle grazing has been one of the most widespread and long-lasting (Thomson 
and Hertel 1981). After barbed wire was invented, it was common to fence cattle into 
woodlands, converting woods into a source of cheap pasture. By 1924, 89 percent of Iowa's 
woods were grazed, and in 1982, 64 percent were still grazed (Whitney 1994). Studies have 
shown that grazing results in soil compaction, severe damage to understory species 
(particularly forest interior species), and eventually complete conversion of the understory to 
sod and loss of canopy trees (Lutz 1930, DenlJyl, Diller and Day 1938, Pettit, Froend and 
Ladd 1995, Mabry in prep.). Cattle grazing may promote an increase in smaller-seeded 
species because compaction by cattle decreases the size of soil aggregates and pore space. 
This leads to higher water retention and difficulty in seed burial, environmental conditions 
that favor smaller seeds (Mazer 1989). 
With the decline of the cattle industry in Iowa, many formerly pastured woods are 
now being converted back to woodlands (Jungst, Farrar and Brandrup 1998), and 
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reforestation and secondary succession on old fields add some additional woodland each 
year. This phenomenon, coupled with timber harvesting and other human activities, has 
resulted in forests with greater turnover of species than was found historically. It is likely that 
species that produce a greater number of smaller, more dispersible seeds have a greater 
probably of successfully dispersing to, and therefore recolonizing, a formerly disturbed patch 
of forest compared to related species that produce fewer and heavier seeds (Wood and del 
Moral 1987). 
In summary, my data show that within the woodland understory plant community in 
central Iowa, restricted species produced far fewer but heavier seeds compared with closely 
related common species. Anthropogenic disturbance since European settlement has likely 
favored the smaller-seeded, more dispersible species. It is an intriguing but unanswered 
question whether a similar pattem would be found in other temperate forests with similar 
anthropogenic disturbance regimes, and how this pattem might vary with distiu'bance regime, 
phylogenetic history and community type. These data are also important for the growing field 
of ecological restoration because they suggest that in these central Iowa forests limited 
resources for restoration can be focused on less common, larger-seeded species because they 
are less likely to recolonize through natural succession. 
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Fig. 1. Mean seed size and total reproductive output of 7 common 
and 10 restricted woodland herbaceous species (mean ± 1 standard 
error). 
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Table 1. Seventeen Iowa woodland understory species in seven families analyzed for 
differences in reproductive output and allocation. Status refers to common species (C) vs. 
restricted (R); sites is the number of separate woodland sites sampled; samples are the 
number of plants harvested per site. 

























Status Sites Samples 
C 3 10 
R 3 10 
C 3 10 
R 3 10 
C 4 8 
R 4 8 
C 4 10 
R 4 10 
C 3 8 
R 3 8 
R 3 8 
C 4 10 
R 4 10 
R 3 10 
R 3 10 
C 3 10 
R 3 10 
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Table 2. Analysis of variance for relationship between abundance status and four 
reproductive traits for woodland understory species in central Iowa. 
Trait # MS F-ratio Probabilitv 
Mean seed biomass 1,6 0.001 1.69 0.003 
Total seed number 1,6 1.152 17.27 0.010 
Total reproductive biomass 1,6 0.006 0.08 0.800 
Reproductive allocation (RA) 1,6 0.008 10.78 0.010 
Table 3. Mean values of three reproductive measures for sparse and common herbaceous 
species of central Iowa woodlands. 
Mean Seed Biomass 
Family Sparse Species Mean Common Species Mean 






Cyperaceae Carex iamesii 0.003 Carex blanda 0.001 
Liliaceae Uvularia erandiflora 0.007 Ervthronium albidum 0.002 




Festuca obtusa 0.001 






Ranunculus abortivus 0.0003 
Violaceae Viola pubescens 0.002 Viola sororia 0.001 
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Table 3. (continued) 
Total Seed Number/Plant 






Cyperaceae Carex iamesii 33 Carex blanda 68 
Liliaceae Uvularia crandiflcra 11 Ervthronium albidum 7 




Festuca obtusa 236 






Ranunculus abortivus 266 
Violaceae Viola Dubescens 55 Viola sororia 100 
Reproductive Allocation (RA) 






Cyperaceae Carex iamesii 0.04 Carex blanda 0.06 
Liliaceae Uvularia erandiflora 0.06 Ervthronium albidum 0.11 




Festuca obtusa 0.11 






Ranunculus abortivus 0.14 
Violaceae Viola pubescens 0.13 Viola sororia 0.10 
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CHAPTER 6. SEED VIABILITY AND EMERGENCE IN WOODLAND 
HERBACEOUS SPECIES IN CENTRAL IOWA, U.S.A. 
A paper to be submitted to Oecologia 
C.M. Mabry 
Abstract 
Recruitment by seed has an important influence on the population structure and 
spatial dynamics of plants. Availability of viable seeds and suitable microsites are potential 
early bottlenecks in recruitment by seed. I examined seed viability and seedling emergence 
from planted seed in 17 woodland understory species (7 common and 10 restricted species 
matched within seven plant families). Common species had greater seed viability and 
emergence compared to restricted species, suggesting that these are greater bottlenecks to 
recruitment for restricted than for related common species. Most restricted species also 
emerged in sites that were not previously occupied. The emergence of both common and 
restricted species indicates that suitable microsites are available, but recruitment is limited by 
availability of seed, particularly for restricted species. Preliminary one-year survival data 
indicated that emergence was not just a transient phenomenon, but can lead to establishment 
of new populations. These results are important for conservation and restoration because 
they show that suitable habitat is not limiting and that resources can be focused on 
developing sources of seeds, planting, or transplanting methods. 
Key-words: Comparative method. Forests, Seeds 
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Introduction 
The extent to which plant species are able to establish new populations by seed has 
profound implications for their population structure and spatial dynamics. The local 
distribution of adult plants is closely tied to events that occur at the juvenile stage. The 
prospect that a seed will germinate and persist to become a reproducing adult plant depends 
on, for example, the availability of suitable microsites created by disturbance, the ability of 
seeds to disperse to those sites, the density of plant litter, and the presence of neighboring 
plants (Piatt 1975, Harper 1977, Gross and Werner 1982, Reader and Buck 1986). In 
addition, whether populations result from a single recruitment event or continuous 
recruitment events may influence the genetic diversity of local populations and their potential 
for local adaptation, as well as the age structure of populations (Eriksson 1989). 
Many forest understory species propagate vegetatively. Some demographic studies 
have shown that recruitment by seed is low in these species (Stniik and Curtis 1962, Pitelka 
et al. 1985, Yang 1999), although other evidence suggests that recruitment by seed among 
these species may be underestimated (Bierzychudek 1982, Eriksson 1989, Froberg and 
Eriksson 1997). Seed availability and suitable microsites are both important factors in 
recruitment by seed (Eriksson and Ehrlen 1992). Seeds may be unavailable because seed 
output is low and dispersal distances are limited. There is often a tradeoff between size and 
dispersibility. Smadler seeds may be more dispersible, whereas larger seeds are better able to 
colonize shady habitats and to become established when other resources are limiting 
(Westoby et al. 1997, FrSberg and Eriksson 1997, Wood and del Moral 1987, Ehrlen and 
Eriksson 2000). Seed size also interacts with other conditions to influence the likelihood that 
seedlings will become established. For example, larger seeds have a greater capacit)' to 
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genninate under leaf litter and fern understories compared to smaller seeds, but they may 
also be more vulnerable to predators (Froberg and Eriksson 1997, George and Bazzaz 
1999b). 
The availability of seeds and microsites is particularly important in understanding the 
differences between species that are conunon versus those that are rare or restricted because 
conservation strategies vary according to which factor is more limiting. If the major 
bottleneck in the migration of rare and restricted species is seed availability, conservation 
efforts can be focused on artificially dispersing seeds to subjectively determined suitable 
sites. However, if availability of suitable microsites is the limiting factor, much more effort 
will need to be focused on identifying and preserving suitable habitats and on understanding 
the establishment requirements of individual species (Dobson et al. 1997). 
A previous study of forest herbaceous species showed that common species produced 
nearly an order of magnitude more, but smaller seeds compared to congeneric or confamilial 
restricted species (Mabry in prep.). In this study 1 evaluated seed viability and sowed seeds 
to examine the capacity for the same common and restricted forest herbaceous species to 
emerge in both currently occupied and unoccupied sites. 
Methods 
Data Collection 
Based on a previous floristic inventory of 103 permanently marked plots in central 
Iowa forests, 17 species were selected and assigned as common or restricted based on 
frequency of occurrence (number of plots where a species was present). None of the less 
common species chosen would qualify for inclusion as a state threatened and endangered 
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species; thus I chose the tenn restricted rather than rare to describe the less abundant species. 
Restricted in this paper refers to the frequency of a species (i.e. the number of plots in which 
each species occurred) relative to a closely related common species. Specifically, common 
refers to species that occurred in at least 50 percent of plots, and restricted species were from 
38 percent to 91 percent less frequent than the species to which they were compared. The 
exception to this was the pairing of Viola sororia and Viola pubescens. Viola oubescens was 
only 19 percent less frequent than V. sororia. but was strongly associated with relatively 
undisturbed woods, while V. sororia is a strong habitat generalist (Mabry, in prep.). 
There were two additional criteria for species selection. The first was the ability to 
match common and restricted species within genus or family. Inclusion of phylogeny has 
often been limited by lack of robust phylogenies for many major groups (Gaston 1994); 
however, when a phylogeny is not available, comparing congeneric or confamilial pairs of 
species is an acceptable substitute because we can be reasonably sure that these pairs share a 
more recent common ancestor than species from other genera or families (Silvertown and 
Dodd 1997). The second criterion was that species pairs were selected only if they co-
occurred at a minimum of three sites (where site was a woodland spatially isolated from all 
other sites by a minimum of 15 kilometers). 
To test for viability, seeds for each species were collected from three sites, with 
confamilial and congeneric species collected from the same sites. At each site, two samples 
per species were collected, for a total of six replicates. Each sample consisted of 25 seeds. 
Seeds were tested for viability by slicing imbibed seeds to expose the embryo, then placing 
seeds on a 1.0 percent solution of 2,3,5 triphenyl-24-tetrazolium chloride (TZ). TZ reacts 
with respiring tissue to turn it pink, thus indicating viability. 
149 
To test for emergence, seeds were planted at sites where the species were known to 
occur. Prior to planting litter was removed and the existing vegetation was gently pushed 
aside. Seeds were planted 0.5-1.0 mm below the surface, depending on seed size. After 
planting the soil directly above the seed was gently compacted and the litter was replaced. 
Otherwise, there was no disturbance or additional site preparation. Because seeds in this 
study were planted and not simply sowed on the soil surface, seed limitation in this study 
also includes the possibility that seeds may arrive at a site, but do not receive sufficient 
contact with soil to germinate. 
Ten species were planted in the first year of the study, and seven additional species 
were added in the second year. In the first year, seeds were planted in three sites with three 
blocks per site, but due to time constraints, in the second year the replication was reduced to 
two sites with two blocks per site. Each block consisted of two samples, where each sample 
was a grid of 30 seeds (15 seeds of each species). The grids were arranged in a pattern of 6 x 
5 seeds, with the position of species alternating on each row, so that the seeds of each species 
were intermixed. Seeds were planted 10 cm apart, and each seed was marked by a small 
plastic straw so that it could be relocated the following spring. In the spring the straws were 
relocated and the seeds were scored for emergence at a minimum of one week intervals. 
When no new seeds emerged for two successive intervals, scoring was concluded. Table 1 
gives a complete list of species and families, frequency of occurrence, and the number of 
sites and blocks included for each species. 
The possibility that restricted species were limited by ability to disperse to new sites 
was evaluated by also planting seeds in sites lacking populations of these species. If 
restricted species are able to germinate in currently unoccupied sites, then some constraint on 
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dispersal is indicated (i.e., vacant sites have conditions suitable for germination if the seeds 
can disperse to them). Seeds of all 17 species were planted in two or three sites, with two 
blocks per site arranged in the pattern described above. 
Data Analysis 
Number of viable seeds and number of seeds emerging were transformed to percent 
viability or emergence per sample. The data were analyzed using two-way ANOVA, where 
family was treated as a block, restricted vs. common as the independent variable (applied to 
species) and viability or emergence as the dependent variable. Family was considered as a 
block because I wanted to control for variation among families, but was not interested in this 
source of variation as an experimental question. 
Results 
Common species had on average greater viability than restricted species (two-way 
ANOVA; 1,94 df; F=10.2; p < 0.002 ) (Fig. 1; Table 2). In six of seven families, common 
sp>ecies had greater or equal viability compared to the restricted species. In one family, the 
Violaceae, the pattern was reversed (Table 2). 
Similarly, in six of seven families common species had greater or equal percent 
emergence compared to restricted species (two-way ANOVA; 1,208 df; F=41.4; p < 0.0001) 
(Fig. 2; Table 3). However, in the Foaceae the pattern was reversed. In the Berberidaceae the 
restricted species, Caulophvllum thalictroides. did not germinate under any circumstance, 
even under greenhouse conditions and after the required alternating periods of cold and warm 
stratification (C + W + C) (Baskin and Baskin 1998). When the analysis was redone without 
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the Berberidaceae, common species still had greater mean emergence compared to restricted 
species, but the mean difference was greatly reduced (two-way ANOVA; 1,177 df; f=5.0; 
p=0.027) (Fig. 2; Table 3). I was able to obtain data on one-year survival rates for nine of the 
species included in this study. Six of these had some individuals that survived to year two, 
with a mean survival of 27 percent. 
Examination of the viability and emergence data together by family shows that in 
three families (Asteraceae, Berberidaceae, Ranunculaceae) common species had both greater 
viability and emergence. In two families (Cyperaceae and Liliaceae) common species had 
equal viability but higher percent emergence compared to restricted species. In the Poaceae 
the common species had greater viability but lower emergence compared the restricted 
species. In the Violaceae the reverse held, i.e., the common species had lower viability but 
higher emergence compared to the restricted species. In no families did common species 
have both lower viability and emergence compared to restricted species. 
Six of the 10 restricted species and all of the common species emerged when seeds 
were planted in unoccupied sites (only data for restricted species are shown; Table 3). 
However, dormancy and seed deterioration explain the lack of emergence of the four species 
that failed to emerge, rather than unsuitable site conditions. As mentioned above, 
Caulophyllum failed to germinate under all conditions. In the year Solidago seeds were 
planted, later tests showed that nearly 100 percent of their seeds had failed to develop. Carex 
iamesii seeds collected for the dispersal study deteriorated due to improper storage, and 
Uvularia grandiflora seeds were likely placed into deep dormancy due to a long period of 
refrigerated storage (to prevent deterioration) prior to planting. In contrast, seeds of 
Uvularia used in the emergence study were sown shortly after collection, and although they 
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are reported to require a C + W + C period of stratification (Baskin and Baskin 1998), some 
seeds germinated after only one cold period. 
When phylogenetic information was not included in the analysis, the difference 
between common and restricted species in viability could still be easily detected (P < 0.001), 
although the difference in emergence was not as evident (P < 0.038). 
Discussion 
There were two principal results from this study. First, both common and restricted 
species emerged in currently occupied sites. This indicates that suitable microsites or safe 
sites are available, but that recruitment is limited by seed availability, either through lack of 
seed output or limits on seed dispersal. Second, overall common species had both greater 
seed viability and emergence compared to restricted species, suggesting that these are greater 
bottlenecks to recruitment for restricted than for related common species (although the study 
design did not allow me to distinguish whether lower emergence was simply due to lower 
viability). The successfiil emergence of six of 10 restricted species in unoccupied sites 
reinforced the hy]X)thesis that migration of many woodland species is limited by seed 
availability rather than by sites suitable for seed germination and seedling emergence. The 
preliminary data on one-year survival rates suggested that emergence is not just a transient 
phenomenon, but can lead to establishment of new populations. 
Some demographic studies have shown that recruitment by seed among some 
woodland clonal plants is low (Struik and Curtis 1962, Pitelka et al. 1985, Yang 1999); other 
evidence suggests that recruitment by seed may be underestimated (Bierzychudek 1982, 
Eriksson 1989, Froberg and Eriksson 1997). By sowing seeds in occupied sites, I showed 
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that if seeds are available and planted, seedlings successfully emerge and many species 
survive at least into the second year. This shows that, at least for this group of woodland 
species, seedling recruitment is likely to occur if seeds are available and make suitable 
contact with the soil. However, the possibility that recruitment maybe be limited by a dense 
litter layer or bottlenecks occurring later in the life of seedlings has not been eliminated in 
this study. 
My data indicate that seed availability rather than lack of suitable microsites limit the 
distribution of these woodland understory species. However, to address microsite limitation 
directly, an increase in seedling recruitment must be observed on experimentally created 
microsites (Eriksson and Ehrlen 1992), something I did not do in this study. Under some 
conditions microsites are clearly limiting. For example, ferns in the understory may act as a 
filter on canopy tree seedlings fixjm emergence to survival (George and Bazzaz I999a,b). 
Litter can also act as a significant filter to germination and establishment of some species 
(Gross and Werner 1982, Froberg and Eriksson 1997). Ash et al. (1994) found that under the 
relatively extreme environment of industrial waste heaps, species were limited by nutrient 
deficiency, as well by dispersal. Other microsites that differentially affect colonization 
include tipup mounds, drainage channels, gaps, soil disturbance by animals (Struik and 
Curtis 1962, Piatt 1975, Reader and Buck 1986, George and Bazzaz 1999b). 
Lack of physical mobility of fhiits and seeds has been widely suggested as the major 
bottleneck to the migration of woodland understory species (Peterken and Game 1984, 
Matlack 1984, Dzwonko and Loster 1990, Dzwonko 1993, Grashof-Bokdam 1997, Wulf 
1997). However, my studies provide evidence that colonization may also be limited by a lack 
of available seeds at suitable sites, particularly for species that are already restricted. This 
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conclusion is reinforced by a previous study that showed that restricted species produce 
many fewer, but much larger seeds compared to related common species (Mabry in prep.). 
In summary, my data show that within the woodland understory plant community in 
central Iowa, seedling recruitment by both common and restricted species may be limited by 
availability of seeds. Because species emerged in unoccupied sites, and because a previous 
study has shown that restricted species produce fewer and bigger (and therefore less 
dispersible) seeds, it appears that recruitment limitation is greater for restricted species than 
for common species. Restricted species also have lower viability and emergence than related 
common species. These data are important for the growing field of ecological restoration 
because they suggest that in these central Iowa forests suitable habitat is abundant and that 
limited resources for restoration and conservation can be focused on developing sources of 
seeds and planting or transplant methods. 
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Status 
Fig. 1. Mean seed viability of 7 common and 10 restricted 
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Fig. 2. Mean percent emergence of 7 common and 10 restricted 
woodland herbaceous species a) with Caulophyllum and 
b) Caulophyllum excluded (mean ± 1 standard error). 
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Table 1. Seventeen Iowa woodland understory species in seven families studied 
for seedling emergence in occupied and unoccupied sites. Status refers to common 
species (C) vs. restricted (R); sites is the number of separate woodland sites planted; 
Numbers in parentheses are the number of blocks per site. Each block included 
two samples, and samples included 15 seeds of each species planted in a grid. 
Family and species Status Occupied sites Unoccupied sites 
Astcfiiccttc 
Solidago ulmifolia C 3 (3) 3 (2) 
Solidago flexicaulis R 3 (3) 3 (2) 
Berberidaceae 
Podophyllum peltatimi C 3 (3) 3 (2) 
Caullophyllum R 3 (3) 3 (2) 
Cyperaceae 
Carex blanda C 3 (3) 3 (2) 
Carex jamesii R 3 (3) 3 (2) 
Liliaceae 
Erythronium albidum C 3 (3) 3 (2) 
Uvularia grandiflora R 3 (3) 3 (2) 
Poaceae 
Festuca obtusa C 3 (3) 3 (2) 
Elymus hystrix R 2 (2) 2 (2) 
Elymus villosus R 2 (2) 2 (2) 
Ranunculaceae 
Ranunculus abortivus C 3 (3) 3 (2) 
Ranunculus hispidus R 3 (3) 3 (2) 
Hepatica acutiloba R 2 (2) 3 (2) 
Isopyrum bitematum R 2 (2) 3 (2) 
Violaceae 
Viola C 2 (2) 3 (2) 
Viola pubescens R 2 (2) 3 (2) 
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Table 2. Mean percent viability for 7 common and 10 restricted Iowa woodland iinderstory 
species. 
Common Restricted 
Family Species Mean Soecies Mean 
Asteraceae Solidaizo ulmifolia 78.0 Solidaeo flexicaulis 39.5 
Berberidaceae Podophyllum oeltatum 90.7 Caulophvllum thalictroides 87.1 
Cyperaceae Carex blanda 75.0 Carex iamesii 74.8 
Liliaceae Ervthronium albidum 80.5 Uvularia erandiflora 80.7 










Violaceae Viola sororia 81.0 Viola pubescens 88.5 
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Table 3. Mean percent emergence 7 common and 10 restricted Iowa woodland understory 
species in occupies sites. Emergence data is also shown for sparse species from sites they 
did not previously occupy. 
Common Restricted 
Family Species Mean Species Mean Mean 
Occupied Occupied Unoccupied 
Asteraceae Solidaeo ulmifoiia 7.4 Solidaeo flexicaulis 5.2 0.0 
Berberidaceae Podophyllum peltatum 37.1 Caulophyllum thalictroides 0.0 0.0 
Cyperaceae Carex blanda 15.5 Carex iamesii 13.3 0.0 
Liliaceae Ervthronium albidum 27.0 Uvularia ^randiflora 19.6 0.0 
Poaceae Festuca obtusa 50.8 Elvmus hystrix 56.6 48.6 
Elymus villosus 90.0 86.0 
Ranunculaceae Ranunculus abortivus 27.8 Ranunculus hispidus 4.8 2.7 
Hepatica acutiloba - 34.7 
Isopyrum bitematum - 16.0 
Violaceae Viola sororia 45.9 Viola pubescens 34.2 48.0 
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CHAPTER?. GENERAL CONCLUSIONS 
I designed a study that began with a careful inventory of the flora of selected central 
Iowa woodlands. Questions such as where species are occurring, in what associations, and 
how fi-equent they are across the landscape are basic to ecology and to conservation. We 
increasingly need to understand the effect of intensive disturbance by human activity, for 
example from the perspective of how changes species composition and creates opportimities 
for the invasion of alien species. The inventory allowed me to evaluate what major 
environmental gradients influence the vegetation and the relationship between cattle grazing 
and the vegetation. I also examined the vegetation from a more functional perspective by 
evaluating the relationship between plant traits and gradients of environment and disturbance. 
The inventory of plants that was the basis of the first three chapters of this dissertation also 
provided me with quantified data on the frequency of occurrence of each plant species in the 
inventory, and from this I could pick the subset of species that was the basis of the final two 
studies. As Harper, Silvertown and Franco (1997) have pointed out, "Extraordinarily little 
effort has been put into ecological and evolutionary explanations of why almost all species 
are always absent from everywhere!" This is the issue that I addressed in the final two 
studies. 
There were two major results from the study of plant distribution and abundance. 
First, the major gradients underlying forest vegetation distribution in central Iowa were a 
mixture of environmental factors and human disturbance since settlement by Europeans. 
Landform, slope, emd soil phosphorous and nitrogen content were the enviroimiental factors, 
and disturbance by cattle and size of the woods the anthropogenic factors consistently related 
to vegetation trends. Second, the major gradients were generally similar for understory and 
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tree species. I was interested in identifying high quality woodlands and the understory 
species associated with them. I found that many spring ephemerals and early spring 
flowering species (Dicentra cucullaria, Claytonia virginica, Viola pubescens, Erythronium 
albidum, and Asarum canadense) were associated with plots relatively high in soil 
phosphorous and nitrogen and, surprisingly, with smaller more isolated woodlands. A similar 
group of species was also associated with plots that were not grazed by cattle. 
Studies of woodlands in New England and Europe have pointed out that human 
activities often leave a long-lasting legacy due in part to the inability of some species to 
colonize secondary woodlands, particularly when they are spatially isolated from older 
woodlands (Peterken & Game 1984, Matlack 1994a, Dzwonko & Loster 1990, Dzwonko 
1993, Grashof-Bokdam 1997, Wulf, 1997). In one respect, my data contrast with these 
results: 1 found no evidence that smaller, spatially isolated woodlands were degraded 
compared to larger woodlands. In fact, I found just the opposite, because species associated 
with smaller woods in my analysis included a nimiber of spring ephemerals and other valued 
species of central Iowa woods, including Dicentra cucullaria, Claytonia virginica, Viola 
pubescens, Erythronium albidum, and Asarum canadense. Helliwell (1976), in a study of 
woodlot isolation in Great Britain, also found that isolated woods contained more valuable 
species compared to larger woodlands because the larger areas had been more intensively 
managed, particularly for timber production. In Poland, isolated woods were associated with 
a distinct subset of herbaceous species, including those dispersed by ants, compared to small 
woodlands that had longer and more intensive period of disturbance by humans (Dzwonko 
1989). 
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In general, there is a great deal of speculation but little consistent evidence 
dociunenting the effect of forest patch size on understory species composition. For example, 
edges of small forests may differ in species composition from forest interiors, potentially 
allowing a point of entry into the forest for alien and weedy species (Brothers & Spingam 
1992, Matlack 1994b and references therein); however, several studies suggest that this 
invasion has not occurred (Brothers & Spingam 1992, Matlack 1994b). Most of the emphasis 
on forest fragmentation studies has been in relation to island biogeographic theory, with 
generally unsatisfactory results (Weaver & Kellman 1981, Middleton & Merriam 1983, 
Burgess 1988). Another problem in the study of habitat fragmentation has been the 
predominance of observational studies over replicated experimental studies (Debinski & Holt 
2000). Clearly, further investigation into the effect of woodland size, isolation and 
management history on forest composition is needed. 
In central Iowa, the canopies of upland forests are dominated by two community 
types, maple-basswood and oak-hickory. These species show little evidence of strong 
relationship to particular environmental variables. Instead, it is the relatively uncommon 
species that are driving the observed gradients. The reason for this is unclear. One possibility 
is that the long history of grazing and logging in these forests has homogenized the 
vegetation and obscured the gradients. This conclusion is supported by a study of woody 
vegetation in central Iowa conducted on state preserves (Raich et al. 1999). My study found 
that plots on mesic north facing slopes were distinguished from all other upland plots, a 
distinction that I observed less strongly among tree species. However, the earlier study was 
conducted only on the highest quality state parks and preserves in Iowa, while my study 
included many plots on private land and land relatively recently acquired by county 
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conservation areas. Parks and preserves in Iowa have a long history of public ownership, 
with minimal human disturbance, and are therefore more likely to have preserved intact 
mesic north slope microhabitats. 
There were relatively few individuals of the dominant tree species found at the 
sapling state, particularly for oaks. Oaks were present as seedlings in much higher numbers, 
but there is clearly a bottleneck occurring at both the sapling and seedling stages. Problems 
with oak regeneration have been noted for some time, and there is a large amount of 
information on this subject available in the ecology and forestry literature. In spite of this, 
the causes underlying the failure of oaks to move from the seedling to the sapling stage are 
still not fially understood. Lack of shade tolerance and the cessation of fire are the two most 
commonly cited reasons for the lack of oak regeneration (Lorimer 1989, and references 
therein). However, the evidence concerning light and fire is inconclusive, and there is 
disagreement about whether there even is an oak regeneration problem (Whitney & Somerlot 
1985). Clearly, oak regeneration is a complex problem that may result from the interaction of 
several factors, and the factors themselves may vary regionally with landscape history and 
disturbance region regime. 
1 did a separate analysis of 25 grazed and ungrazed plots that took advantage of a 
paired study design that allowed known variables to be controlled except for cattle grazing. 
Examination of species associated with grazed and relatively undisturbed plots showed that 
species associated with the two types of sites came from almost entirely different taxonomic 
groups. Not surprisingly, grazed woods were characterized by exotic species and those 
otherwise associated with disturbed sites. Conversely, relatively undisturbed woods were 
associated with species that are often associated with "good" woods in Iowa. 
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I found one other replicated study on the effects of livestock grazing on understory 
species. In forest remnants in Australia the most distinct change in the understory flora due 
to grazing was an increase in exotic species and a decrease in number of perennial native 
shrubs and herbs. Grazed sites in that study also had lower overall species diversity (Pettit, 
Froend & Ladd 199S). I found no difference in species richness or total cover associated 
with grazing, but did find a similar association between grazing and exotic species. The 
exotics in Australia are annuals with characters often associated with disturbance, a persistent 
seed bank, short life cycle, and early flowering. I found a strong association between grazing 
and annuals, species that exhibit these same disturbance-associated characters. 
I also found that some canopy tree species were more common in ungrazed plots; 
these included Acer nigrum, Celtis occidentalis, Quercus alba, Quercus macrocarpa, and 
Ulmus rubra. Others, including Carya ovata, Fraxinus americana, Juglans nigra, and 
Morus alba, were more common in grazed plots. There were no strong relationship between 
sapling number and grazing status. However, there was some evidence that grazed and 
ungrazed plots differed in the relative abundance of some si>ecies. 
Overall, I found no effect of grazing on mean dbh of trees. In contrast, Lutz (1940) 
found that grazed woods had only 41 percent of the basal area of an ungrazed woods. The 
difference probably lies in my site selection. I included only grazed woods that had an intact 
canopy, excluding woods where pasturing had proceeded to the point of tree mortality and 
conversion of the understory to sod. However, 1 did find that different species tended to be 
associated with grazed and ungrazed woods. In particular, oaks were more abundant in 
ungrazed woods. Oaks, with relatively shallow roots, may be more susceptible to the 
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trampling and soil compaction resulting from grazing (Behre et al. 1929, Lutz 1930, van der 
Linden & Farrar 1993). 
There was no evidence that grazing affected the number of saplings per plot. 
However, there was strong evidence that grazing reduced the number of seedlings per plot. 
In addition, seedling and sapling of different species appeared to be related to grazed and 
ungrazed sites. Other studies have found a reduction in seedlings (Behre et al. 1929, Lutz 
1930, Dambach 1944, Pigott 1983, Edwards & Birks 1986). Lutz (1930) found that 
regenerating trees were most susceptible to damage when they were between 2-12 inches in 
height; if this is also true in Iowa, it may explain why there was a strong reduction in 
seedling number by grazing but no reduction in saplings. 
To identify functional groups of species and to identify linkages between traits and 
environment, I classified 253 species found in central Iowa forests by a wide range of 
attributes or traits. The major result of this study was that, although TWINSPAN identified 
distinct groups of species, it did not appear that these groups were acting as distinct 
functional groups. If TWINSPAN groups are not acting as f\mctional groups in this 
community, there are a number of other possibilities. One is that there is still a small number 
of groups acting functionally, but that differ fh)m those identified by TWINSPAN, for 
example, as with Grimes's classification of species as stress tolerators, competitors and 
ruderals (Grime 1979). A second possibility is that plant populations may differ so strongly 
in response to habitat, disturbance and competition that it is not possible to summarize them 
into a small number of groups based on key characters (Gnibb 1985). The results of this 
study offer some support to both views. For example, some traits associated with ungrazed 
woods match Grime's (1979) classification of stress tolerators (small stature, long-lived 
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organs), and many traits associated with grazed woods match the definition of ruderals 
(annuals or short-lived perennials, small and numerous seeds). However, many of the PCA 
axes were an admixture of traits where was not clear in what way they are operating as a 
group. A third possibility is that lack of clear functional types within a single community 
does not imply that they are not important and useful at the broader scale of major biomes 
(Chapin et al. 1996). In contrast, when gradients are relatively steep and where one gradient 
predominates, the relationship between a small number of functional groups and the 
predominant environmental gradient can be clear (Diaz, Acosta & Cabido 1992, Diaz & 
Cabido 1997). 
Dispersal and recruitment by seed are critical processes in the life cycle of plants, not 
only because of their implications for the population structure and dynamics of plants, but 
also because the ability to migrate is critical for the conservation of many species. Dispersal 
and recruitment are multi-step processes where each step may be a potential bottleneck. I 
studied four factors that influence the ability of plants to disperse and to successfully recruit 
new individuals from seed: seed size, seed number, seed viability, and emergence of 
seedlings. In addition, by pairing common species with congeneric or confamilial restricted 
species I could control for phylogenetic differences in the comparison, an approach that has 
been used in only a small number of studies examining the differences between common and 
restricted plants. 
1 found that restricted species produced nearly an order of magnitude larger but fewer 
seeds compared to common species. I also found that restricted species on average had lower 
viability and lower emergence rates compared to related common species. Common and 
restricted species emerged in currently occupied sites, indicating that for both suitable safe 
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sites are available, but that recruitment is limited by seed availability. Thus, while all species 
appear to be limited by seed availability, restricted species have a greater limitation due to 
lower seed output, heavier, less dispersible seeds, and lower seed viability and emergence 
(although it was not possible to distinguish whether lower emergence was simply an artifact 
of lower viability). 
The most likely explanation for the results for seed number and size is that of 
persistence vs. dispersal. Among forest species there is often a tradeoff between smaller, 
more dispersible seeds, and larger seeds better able to colonize shady habitats and to become 
established when other resources are limiting (Westoby, Leishman & Lord 1997, Froberg & 
Eriksson 1997, Wood & del Moral 1987, George & Bazzaz 1999, Ehrlen & Eriksson 2000). 
TTiis compromise in turn can be viewed as one where the emphasis is on reaching new 
habitats vs. persisting in the present habitat (Harper, Lovell & Moore 1970, Baker 1972). The 
successful emergence of seeds provided additional evidence that seeds are limiting, 
particularly for restricted species. Seed limitation has been shown in other studies (Eriksson 
& Ehrlen 1992, Akerman, Sabat & Zimmerman 1996, Ehrlen & Eriksson 2000). However, 
under some conditions microsites are clearly limiting. For example, ferns in the understory 
act as a filter on canopy tree seedlings fh>m emergence to survival (George & Bazzaz 1999). 
Litter can also act as a significant filter to germination and establishment of some species 
(Gross & Werner 1982, Froberg & Eriksson 1997). Ash, Sabat and Zimmerman (1994) found 
that under the relatively extreme environment of industrial waste heaps, species were limited 
by nutrient deficiency, as well by dispersal. Other microsites that differentially affect 
colonization include tipup mounds, drainage channels, gaps, and soil disturbance by animals 
(Struik and Curtis 1962, Piatt 1975, Reader & Buck 1986, George & Bazzaz 1999). 
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The results of studies included in this dissertation will directly aid in conservation and 
restoration efforts in the region. There are now quantified data on the relative abundance of 
species so that species that are uncommon can be targeted for conservation and restoration. 
The information on the relationship between species and environmental gradients will aid in 
selecting species appropriate to sites in restoration efforts, and it also shows that small 
woodlands are not necessarily impoverished floristically and are worthy of conserving. The 
differences in species composition found between grazed and ungrazed plots will help in 
identifying species that need to be reintroduced to grazed sites. Finally, the data suggest that 
resources for restoration can be focused on two areas. First, restoration can focus on the less 
common-larger seeded species because they are less likely to recolonize through natural 
succession. Second, suitable habitat for seedling emergence and survival is available, 
suggesting that restoration efforts can focus on developing sources of seeds and on 
planting/transplanting methods, rather than on fine-tuning our understanding of precise 
habitat requirements for establishment. 
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